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itle: IMMUNE RESPONSE MODULATOR ALPHA-2 MACROGLOBULIN COMPLEX 
abstract 

Activation of 02-macroglobulin (cr2M) with a nucleophilic compound followed by incubation of the activated a2M at elevated 
rature with a biomolecule results in covalent incorporation of the intact biomolecule into the C17M molecule, without the use of 
nases. The thus-formed structurally defined and stable complex may be used as an antigen for stimulating the immune response, for 
)le, in the form of a vaccine. Enhanced antigen presentation of a particular biomolecule is provided, especially for those that are 
/ immunogenic; reduction of the immunodominance of particular epitopes is also provided. 
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The „ of membra „ e , a ^ ^ £ssM[ki fM ^ ^ ^ 
specific T cell responses to antigens (15). 

The effective _ on and proceKins ^ prottta fonm a ^ ^ 
capacy for interact^ wiIh „, ^ of „. ^ ^ ^ 

-rop„a g es are aMe to S a mple M envir0M1]enK ^ . ^ fM 
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10 be£ "~ (1 «- ^^-^.o^cerecep^.^^, 
B-ce„s, eititer by artiftcia, crossIinting „ fcy exp|o ^ membrane ^ ^ ^ 

e^cy of presentation (UM7); ^ § ^ ^ ^ 
presentation system i„ macrophages has not y e , beM iaenlifIed 
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restricted, however, to a window of time initiated by proteinase-induced 
conformational change, during which an internal thioester on each subunit becomes 
susceptible to nucleophilic substitution (20,21,31). Thus, cuM, C3 and C4 are 
evolutionarily-related thioester-containing proteins that undergo conformational and 
5 functional changes upon limited proteolysis (32,33), resulting in possible formation 
of thioester-mediated covalent bonds with targets such as proteinases, cell-surface 
carbohydrates or immune complexes, respectively. 

Human o^-macroglobulin (o^M) is an abundant protein in plasma (2-5 mg/ml). It 
10 consists of four identical subunits arranged to form a double-sided molecular "trap" 
(34). This trap is sprung when proteolytic cleavage within a highly susceptible 
stretch of amino acids, the "bait region," initiates an electrophoretically detectable 
conformational change that entraps the proteinase (35). The resulting 
receptor-recognized a,M is efficiently internalized by macrophages, dendritic cells, 
15 and other cells that express <xM receptors [reviewed in (36); see also (37)], one of 
which has recently been cloned and sequenced (38, 39). Reaction of a>M with 
methylamine results in a similar conformational change to a receptor-recognized 
form of c^M. Methylamine-treated and proteinase-treated o^M are equivalent with 
regard to binding, internalization and signaling. Amine-treated or protease-treated 
20 ct,-macroglobulin is termed Oj-macroglobulin* and abbreviated c^M*. 

Receptor-recognized cc-macroglobulins from different animal species cross-react 
with similar affinities for the o^M receptor regardless of the proteinase used [See 
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<*.40.41> for review,. ^ addMona , bindin8 of ^ prottins te ^ 

appear ,o affec, te rare of internalization even when a „ iflcia , . 

<2S.2 9A2) . Therefore , reg „ dlKs of ^ mechanjsn ^ ^ ^ 
complexed with ojtf. can be effectively internalized. 



5 



The possible role of % macrog,obu,i„ „ . de|iyery vehjck ^ ^ 
or enzyme, has be e„ reviewed previous,, in me an ( 43-47>. In the pasI , „ ere _ 
been numerous other studies suiting . r „,e f or in immune moduiation 

(Reviewed in (48)). 

10 

AMi^riiaEcaMulin ro-l,, f^, frn 

proteinases are u„ab,e to become eovalently bound to «,.macrog,obu,i„ by co- 
incubation of the antigen with ..macrogiobulu, Covalen, incorporation of a 
■5 potential antigen i„,o mE n^croglobulin molecule requires the participation of a 
Proteolytic enzyme to cleave the «,,macrog,obuli„ m0 ,ec„,e as a necessary 

Whi,e me use of a proteolyuc enzyme allows me in-vitro preparation of the desired 
antigen-vmacroglobulin complex, the rem,™ for . prottolyIjc ^ b ^ 
20 process is significantly deleterious to the stmctural and epitopic integrity of me 
antigen desired to be complexed wim «,.macrog,obu,i», as i, ma, be proteolyzed 
into smaller fragments during me preparation of me complex or after i, has bound to 
■he t^crogiobuHn. Furthermore, me proteolytic enzyme itself is always 
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incorporated into the complex, thus imposing steric hindrance limiting the size of 
the antigen that is incorporated into aM to about 40 kilodaltons. Thus, the facile 
and reproducible preparation of a complex between ck-macroglobulin and an antigen 
of any size for the purpose of, for example, using the complex as a vaccine, is not 
5 straightforward. The structure of the antigen may be materially altered by 

proteolytic cleavage, and the extent and purity of antigen and other components 
incorporated into the ccj-macroglobulin may affect the quality and quantity of final 
complex formed. 

10 Other means for preparing antigen-c^-macroglobulin complexes are also not 

straightforward. Treatment of c^-macroglobulin with a low molecular weight amine 
(nucleophile) to cleave the thiol ester achieves the conversion to the desired 
receptor-recognized form of o^-macroglobulin; however, the amine-modified thiol 
ester is no longer able to bind antigen at the glutamyl residue of the thioester. 

15 Several investigators have evaluated whether amine-treated (e.g., methylamine- 
treated) a ; -macroglobulin has the capability of binding an antigen, including 
proteinases. No covalent linking of trypsin or elastase was seen when methylamine- 
treated (t>M was incubated with these enzymes for several hours at 23 °C (49, 50). 
Thus, preparation of a covalent antigen-cc^M* complex in the absence of proteinase 

20 was heretofore unachievable. 

A need therefore exists for the development of a simple and reproducible method for 
the preparation of a covalent complex between a,-macroglobulin and a desired 
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Wim ° Ut ' tai ' a,i0n ° <»• *e use of proteolytic enzymes Md 

~,.v define, for use in moating te ^ ^ „ fc ^ ^ 
goals that the present invention is directed. 

5 

SUMMAPV np T[ , p mvBrr^ , 
The invention descried herein reiates generally to the motion or the immune 
respo.se by a stnrcturaUydeftoed and sta b ,e antigen cova,e„„y coupled to the 
receptor-recognized fonn of .vmacroglobulin («,M.). The andgen-o,- 

antigen and «,-macroglobu,i„ „ ifil an iMact bai , ^ ae ^ 

mto the amine-acvated form of <„,obu,m by nucieophilic exchange in the 

absence of proteolytic enzymes. The arttigen may he covalendy bound to the 

cotnpiex. More par,icu,ar,y, the present invention is directed towards faciie and 
—hie methods of preparing me Mva , em comp|ex ^ ^ ^ ^ ^ 
receptor-recognized fonn of tvnttcroglobultn in which conditions for the 
preparation of the cotnpiex do no, compromise the integrity of the antigen. The 
20 compiex prepared by the procedures described herein provide a stable and defined 
materia, for use as a v a cci„e or other reagent for modulating incompetence in 
an amma, or in an „ vin system ^ ^ _ ^ ^ 

Furthermore, the complexes described herein may be used for increasing the 
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immune response to an otherwise poorly immunogenic antigen, and, under certain 
conditions, for the suppression of the immune response to a particular antigen. 

In contrast to the prior art antigen-ck-macroglobulin* complexes, and procedures for 

5 preparing such complexes, whereby coupling is achieved by the concomitant use of 
a proteolytic enzyme to cleave c^-macroglobulin and to render the thiol ester 
available for reaction with an antigen, in the practice of the present invention, the 
antigen is coupled to a previously nucleophile-activated c^-macroglobulin, in the 
absence of proteolytic enzymes, using an elevated temperature and correspondingly- 

10 appropriate duration of incubation to achieve the desired coupling. Thus, the o^- 
macroglobulin in the complex of the present invention has an intact bait region, c^- 
Macroglobulin first may be activated by a low molecular weight amine such as 
ammonia, methylamine, ethylamine, propylamine and the like. Ammonia and 
methylamine are preferred. The antigen may be incubated with the amine-activated 

15 av-macroglobulin at a temperature of from about 35 C to 55 C, and for an 

appropriate duration to achieve the desired coupling. Selection of the appropriate 
temperature may be made depending on the stability of the particular antigen. For 
example, at 50°C, coupling may be achieved in 1-5 hour; at 37°C, the coupling 
may be achieved at 24 hours. Preferred conditions for an antigen stable at 50°C is 

20 1-5 hours. Preferred conditions for an antigen stable at 37°C is 24 hours. 

The o^-macroglobulin used in the present invention be native protein or that 
produced recombinantly, using well known techniques in molecular biology. 

-10- 
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*** fo, co Uplir , g ,„ „ omii , o pKpare ^ compiexK ^ ^ 

Prase., imMtan in£iude ^ ^ b ^ ^ ^ ^ 

-ch as , RNA, as we,, as o te d rags or OIigoraic , eotides 

5 

in a fcrta embodtaEnI , ^ antige „ ^ be raMiy ^ ^ ^ ^ ^ 



macroglobuiin by the methods of the 



present invention. 



to 

is 



develop^ of te correspondi „ g inmune rKponse 



» o» e of a* advamagB of ^ presem inven[ . M ^ a ^ ^ ^ 

*- a„, igen by fc procedures dKcfibed ^ m te admWsKred ^ ^ ^ 

— need for a„ ad ju v„. ,„ „ fc ^ ^ ^ 

**»,„, formuMons a „ ^ in vacdnes ^ ^ ^ ^ 

2» accede w iUl fc preSOT tavemion ^ , ^ 



offers ». P ro„*e of a 6r more ef tot veniCe f„ r aMigeil ^ 
wbich wm avoid mMy of a. drawbacts mA „ toxidiy 
experienced wiu, current adjuva nI .co naining formuiadons. 



one 
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Also, the complexes of the present invention have particular utility in their affinity 
for macrophages, and other cells that bind or internalize aM. The scope of 
antigens, immunogens or immune modulating molecules that may be associated in 
the complex of the present invention is equally diverse, as it extends from 

5 oligonucleotides, proteins, peptides, cytokines, toxins, enzymes, growth factors, 
antisense RNA and drugs, to other carbohydrates that may exhibit some desired 
modulatory effect on the target cells. There is a need only for a nucleophilic group, 
such as an amine, sulfhydryl, or hydroxy I, to exchange with the amine present on 
oc 2 -macroglobulin*. The invention is therefore contemplated to extend to these 

10 variations within its spirit and scope. 

A further advantage of the invention is that it provides for independently targeting a 
receptor-binding a2M, as well as complexes of the invention comprising these 
components, for endocytosis or for cell signaling and activation. Proper activation 
15 of the APC is necessary for effective antigen presentation and effective stimulation 
of the immune response in general. 

It is contemplated that both positive and negative regulation of the antigenicity of 
epitopes can be achieved. For example, by rendering epitopes recognized, or 
20 recognizable, antibodies can be raised to recognize and bind to the antigen. 

Enhanced antigenicity and the ability to raise antibodies to otherwise weak, scarce 
or ineffective epitopes finds great utility not only, for example, in vaccine 
applications in animals, including humans, but also in producing antibodies which 
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- * ~ as ^ fo, ^ other ^ ^ idMIi( . ing ^ 

- P~ g epi.ope, and aMisens , such „ ^ producUon ^ amMK ^ 

scarce antigens for research puroo<:e« Dr«f= u. • . 

purposes. Preferably, the immunogenicitv of a given 

antigen is enhanced according to the methods of ^ invemion 

5 

a— My. «, ta v. nli „„ CMempte fc down reguMon Qr ^ 
— « ~ ,o immmodomiram epi[opts , by me preferemia| stmu|atjM ^ 

age„ B „ r facrors „», on preKMIjon ^ seto . veiy ^ ^ 
« Iy may te useM , for elamp , ei in immmj2ins ^ ^ ^ 

15 and in vitro. 



Tfc ,„ve„,i„n d es „i b5d hereh ^ preferab|y inciudR ^ amjbodte ^ ^ 

« bribed herein or h resp0Ee „ te ^ 
scribed herein, saM mlbod , K ^ ^ ^ 

20 anybodies, as we,, as strains of ce „ s ^ ^ ^ ^ ^ 

examp,e hybrids which prc^ce monociona, anybodies which — „. 
«*«*, and oher ^ens of taeres, A d varaaseousIy , such ^ ^ 
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prepared against epitopes on the antigen' that are normally secondary or even 
suppressed. 

The invention also encompasses cellular immune system components, e.g., T- 
5 lymphocytes raised in response to such antigens or immunogens, pharmaceutical 
compositions containing the antigens, antibodies or cellular immune system 
components and various methods of use. 

The invention provides for enhancing the efficiency of immunizations. This can 
10 have useful application not only for potential therapeutic interventions, in particular 
vaccinations, but also for production of antibodies or primed lymphocytes (T or B) 
against scarce antigens for research purposes. 

Accordingly, it is a principal object of the present invention to provide a structurally 
15 defined and stable complex of an antigen with oc.-macroglobulin for the purposes 
described herein. 

It is another object of the invention to provide a stable complex comprising one or 
more intact biomolecules and activated Oj-macroglobulin, in which each of the 
20 biomolecules is covalently bound to an amino acid residue of the cleaved thiol ester 
of Oj-macroglobulin. The biomolecule may be bound to the glutamyl residue, or to 
the cysteinyl residue, or to both residues. The biomolecule may be a peptide, 
protein, carbohydrate, cytokine, growth factor, hormone, enzyme, toxin, anti-sense 

-14- 
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RNA, a therapeutic drag . an c.^,^ ^ ^ ^ ^ ^ 
»™no g e„, , a „ ^ Th£ Womoto|e ^ haye a ^ ^ ^ 
between about 0.5 and 100 kilodaltons. 

5 is another object of the invent™ ,„ provide an ^ ^ ^ 

^ moiecuie havmg at ,eas, one epitope ,„ a compie* with .. mKroglobuI „ 
Tbe immunoge,, „ . complM pfepared fcy fc ^ _ ^ ^ 

-togiob* by ^ wilh . nudMphjlk compomd B im mc ^_ 

acttvated ^acrogiobuhn, removing te erass ^ 

10 incubating the nuc,eo P hi,e-ac,iva,ed ^macrogiobuih, with the biomoiecuie. 

I. is yet another object of the present invention , 0 pr(J , i(fc , ^ fc ^ 
preparation of a covaien, co mp ,» to wee„ one or more intact biomoiecu.es and 
-rogiobuiin by carrying „ ta SKps of „ ^ ^ by 
W .ncabation with a „„cieophi,ic compound t0 form nucleophile . activated & _ 

2) removing »cess nucieophiiic compound; and 3, heating the 
rmcieophi.e-activated .,-macrogiobuUn with said biomo.ecule. 



" " ^ ' *** ° bje " ° f "* mention t'o provide an tauten which 

20 comprises an antigenic moiecuie in a comp,„ with «,-macrog,obu,i„, wherein the 
"iger^c moiecuie has a, ieast one epitope, and h which the .-macrogiobu.in is 
capabie of binding a receptor for .-macrogiobuhn. In another embody, a 
method of render a p00rIv £pjmpe _ ^ ^ ^ 
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the immune system by preparing a complex between reacting said antigen molecule 
with cc r macroglobulin, exposing an antigen presenting cell having major 
histocompatibility complex to the complex; and contacting said antigen presenting 
cell with lymphocytes. 

5 

It is still a further object of the present invention to provide a vaccine which 
comprises an antigen-a 2 -macroglobulin complex prepared by the methods herein. In 
a further embodiment, a method of producing T-lymphocytes which recognize an 
antigen is described which comprises administering to a mammal a T-lymphocyte 

10 priming effective amount of a complex comprising an antigen and 0,-macroglobulin 
prepared in accordance with the present invention, which is capable of binding a 
receptor for c^-macroglobulin; and harvesting said T-lymphocytes from the 
mammal. In a still further embodiment, a method of treating or preventing an 
infectious disease, an autoimmune disease or cancer in a mammalian patient in need 

15 of such treatment or prevention is described, comprising administering to the patient 
an effective amount of an immunogen comprised of a complex comprising an 
antigen and c^-macroglobulin in accordance with the present invention, which c^- 
macroglobulin is capable of binding a receptor for o^-macroglobulin, in an amount 
effective for modifying the immune response to said antigen. 

20 

It is a further object of the present invention to provide a method for the preparation 
a structurally defined and stable complexes of particular antigens with a,- 
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— which my be CMried ou , eMi|y ^ reprodKibiy ^ ^ ^ 

herein. 



" " 3 S '"' tahet 0bjKt ° f *» P— invent ,o provide a method for the 
5 P~ Of corresponding comptes „ aforesaid ^ fad|itaK ^ 

immune recognition and activation. 

" " ' m ^ ° f ^ ««- -Mon ,o provide a method artd 

- *— - «- b. used .0 seiectiveiv activate 
10 eP " 0PK """"<*" "> immunodominan, epitopes. 

" ' S 8 S,i " <«— » Provide a method for , he M e 

*ve,opme„, of cinicaiiv sl g„i„ cam amount of arttibodies directed against scarce 
antigens. 

15 

Cher objects and advantages wi„ ^ apparent to those ski „ed in the ar, from a 
-ew of the ensuing detaiied descripUon which process with reference to the 
following illustrative drawings. 



20 

BBiEIlBESCBETION of the pp ^ , m , ni 



FIGURE , depicts the eiectrophoretic anaiysis of a compie* of -LBoiton-Hunter 
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50°C by incubating Bolton-Hunter labeled lysozyme and NH 3 -treated aM* as 
described in the Example 1. At the indicated times, aliquots were frozen to be 
analyzed for electrophoretic mobility by non-denaturing 4-15% pore-limit PAGE 
(A) and PHOSPHORIMAGER™ scanning (B). After 5 h of incubation an aliquot 
5 was gel-filtrated, and the cc^M-containing fractions pooled (lanes 9 and 10). The 
sample concentrations were not corrected for precipitation after prolonged exposure 
at 50°C. The lanes are as follows: 1, "fast" migrating o,M*; 2, "slow" migrating 
a 2 M; 3-5, o^M* incubated with 125 I-Bolton-Hunter labeled lysozyme at 50°C for 0 
h, 5 h and 24 h, respectively; 6-8, ctjM* alone incubated at 50°C for 0 h, 5 h and 
10 24 h, respectively; 9, isolated o 2 M*-lysozyme complex; 10, isolated c^MMysozyme 
complex, treated with porcine pancreatic elastase. 

FIGURE 2 depicts an electrophoretic analysis of a complex prepared at 50°C by 
incubating Bolton-Hunter labeled lysozyme and NH 3 -treated a 2 M*. At the indicated 

15 times, aliquots were frozen to be analyzed for electrophoretic mobility by 4-20% 
SDS PAGE (A) and PHOSPHORIMAGER™ scanning (B). After 5 h of incubation 
an aliquot was gel-filtrated, and the c^M-containing fractions pooled. The sample 
concentrations were not corrected for precipitation after prolonged exposure at 
50°C. The lanes are as follows: 1, Bolton-Hunter labeled lysozyme; 2, reduced, 

20 isolated a 2 M*-Iysozyme complex; 3, non-reduced, isolated c^MMysozyme 

complex; 4-6, (t>M* incubated with Bolton-Hunter labeled lysozyme at 50°C for 0 
h, 5 h and 24 h, respectively; 7-9, c^M* incubated at 50°C for 0 h, 5 h and 24 h, 
respectively. 
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FIGURE 3 depicts „ elKlrophoreIic amlysis of a compiK ^ a ^ 

Bo„o,„ unter latew , yM2yme md NHrtreaKd ^ ^ ^ 
— . **« were fr0M t0 be aMly2ed fw ^ ^ ^ 

5 de " amring 4 - 13% ~ PAGE < A > - PHOSPHOR^OHR- scannin, m 
The ,«nes are as foIlows: , 3 , %M . wjih ^ ^ 

lysozyme at 37°c for 0 h 5 h and n t. 

«. h and 24 h, respecttvely; 4-6, ^ ^ 

3TC for 0 h, 5 h and 24 h, respectively. 

10 FIGURE 4 dep^ an eiectrophorenc anaiysis of te c „ rapIex ^ . 37 „ c 

'""^ B0,,0 "- iW — - NHj-treated At tHe indicated 

»es, aiiouots w „e fro 2 en ,0 * ana,y Z ed for eiectropnoretic mo« y by 4 . 20% 

SDS PAGE (A) and PHOSPHORIMAGFRtm c . • ^ 

xiukimaCjERtm scanning (B). The sample 

—ions were not corrected for precipe after proved exposure ,0 
'5 37-C. The ianes are as foiiows: ,. moIe c ular weigh , ^ 2 ^ ^ m 
«*- to*, incurred witi, Boiton.^ , abefcd ^ 
■W* «. non-reduced tt,M* incited v,id, B o„o n -„ umer ,ao=,ed 
^yme for 0 n. 5 n and 24 „, respective,, 9 . reduced W „ „ on . Ube]ed 

to*** '0.reduced4, 8 Bo 1 ,o,„ u „, e r,a b e,ed, ysozyme: n, reduced 0, „ 8 

20 Bolton-Hunter labeled lysozvme- i? ™„ ^ Jrt 

isozyme, 12, non-reduced 0.8 «g Bolton-Hunter labeled 

lysozyme. 
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FIGURE 5 depicts an electrophoretic analysis of i:5 I-radio-iodinated hen egg 
lysozyme in complex with cuM* by non-denaturing pore-limit PAGE. 
a 2 M* was prepared as described in Example 1 and incubated with buffer (lanes 3-5) 
or radio-iodinated lysozyme (lanes 6-8) at 50°C. At the indicated times aiiquots 
5 were frozen to be analyzed for electrophoretic mobility by non-denaturing 4-15% 
pore-limit PAGE. The sample concentrations were not corrected for precipitation 
after prolonged incubation at 50°C. The lanes are as follows: 1, "fast" migrating 
a 2 M*; 2, "slow" migrating c^M; 3-5, c^M* incubated at 50°C for Oh, 5 h and 24 
h, respectively; 6-8, aM* incubated with radio-iodinated lysozyme at 50°C for 0 h, 
10 5 h and 24 h, respectively. 

FIGURE 6 depicts an electrophoretic analysis of the complex of I25 I-radio-iodinated 
insulin and formed at 50°C, analyzed by non-denaturing pore-limit PAGE. 
a 2 M* was incubated with buffer (lanes 2-3) or 40-fold molar excess of radio- 

15 iodinated insulin (lanes 4-5) at 50°. After 5 hours, an aliquot of the insulin 

containing mixture was gel-filtrated, and the o^M^-containing fractions pooled (lane 
6). At the indicated times aiiquots were placed on ice to be analyzed for 
electrophoretic mobility by non-denaturing 4-15% pore-limit PAGE. The lanes are 
as follows: 1, "slow" migrating o^M*; 2 and 3, o^M* incubated at 50°C for 0 and 

20 5 hours, respectively, with buffer; 4 and 5, with radio-iodinated insulin at 50°C for 
0 and 5 hours, respectively; 6, isolated c^M^insulin complex. 
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FIGURE 7 deplcts denMIred , e , eOTophoK[ic ^ ^ rai radio _ iodiMed 

radio- 10 dinated insulin at 50'C After s h , r 

After 5 h an aliquot was gel-filtrated and 

cm*** „ y SDS . PAGE (A) and PH0SPHORJMAOER ^ ^ 

reduced, radio-iodinated insulin- in j . 

,nsu,,n ' 10 > reduce d. radio-iodinated insulin. 

FIGURE 8 depicts the incorporation of >H-thymidine into peripheral blood 
» —ear cells fro m individual SW five da ys after exposure of cells to a range of 
doses of a convex of streptokinase and « lobulin (opefl ^ ^ 

in accordance with the methnri nf *«, „ 

tfl0d 0f * e P resent invention, in comparison with 

streptokinase alone (closed diamonds). 



•5 FIGURE , d e pte *, m experbnm „ dKcrjbed for f . uk 8 wi(h cei|j ^ 
individual EG. 



20 



FIGURE 10 depicts ,„e sam experimenI . ^ fcr ^ g ^ ^ ^ 

individual KW. 



FIGURE 1 1 depicts the same experiment as described for Figure 8 with ceHs from 
individual SW, six days after exposure. 
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FIGURE 12 depicts the same experiment as described for Figure 8 with cells from 
individual HG, six days after exposure. 

FIGURE 13 depicts the same experiment as described for Figure 8 with cells from 
5 individual KW, six days after exposure. 

DETAILED DESCRIPTION OF THE I NV E N TION 

The following terms and abbreviations are used herein, and have the following 
10 meanings unless otherwise specified: 

The term "biomolecule" refers to any biologically-derived or useful molecule such as 
peptides, proteins, carbohydrates, cytokines, growth factors, hormones, enzymes, 
toxins, anti-sense RNA, drugs, oligonucleotides, lipids, DNA, antigens, 
15 immunogens, and allergens. 

The term "immunogen" refers to any substance, such as a molecule, cell, virus or 
fragment of such molecule, cell or virus which can be administered to an individual 
in an effort to elicit an immune response. The term "immunogen" thus simply 
20 refers to such substances which are or can be administered or otherwise used to 
raise antibodies or cellular immune system components, such as by "priming". 
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When used in connection wim . immmien .. Km . motote _ ^ ^ ^ 
nKtofc or m„,ecu,ar fragment of me antfgM ^ otberw . se ^.^ 

I*— when used t o refer ,o a ecu, vtars „ r fragment ^ 
5 be me ce„, virus or co„po„e„, ^ which cm ^ ^ h t ^ ^ 
accede ** to present lnventi0 „ „ ^ ^ ^ ^ ^ ^ 
■arm -immunogen- ^ enc0 ^ ^ ^ ^ ^ 

P^ems as we,, as species which are Msemia „ y ^ fc ^ ^ 

Tea™*,, bribed herein. ce„s, viruses, and «„„,ar and vira, comport 

10 

The ,erm "antigen," which may be abbreviated "Ag," refers to substances e g 

contacted by ,he immune system, and may inCude without Umitation, proteins, 
-d* acids and me ,i k e, and may even extend ,„ carbohydra.es capab,e of 
15 present in accordance herewith. Generally , Mch ^ ^ ^ 

one or more epiropes. The ,erms antigen and immunogen are sometimes used 

interchangeably. 



Certain an, igens described herein or epitopes thereon in some instances may be 
» considered poor antigens and may no, substantia,,, induce an immune response or 
* l — "Pon injection or other exposure to a norma,, 
substantial immunocompetent host. They may aiso inc,ude scarce antigens ma, 
are difftcu,, ,o obuin or purify, or antigens ma, require adjuvant or administration 
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in large amounts for efficient immune responses. Based on the foregoing, 
"antigenicity" and "immunogenicity" are used interchangeably. 

The term "protein" refers to synthetically produced and naturally occurring 
5 polypeptides, fragments of polypeptides and derivatives thereof which may provoke 
an immune response, either in vitro or in vivo. For convenience, but not by way of 
limitation, the description below utilizes the term "protein" but these teachings also 
apply to other compounds which either contain protein residues or that are otherwise 
structurally similar. Oligonucleotides, carbohydrates, and amine-containing lipids, 
10 as well as other reactive biomolecules may be mentioned as non-limiting examples. 
The teachings contained herein are therefore not to be limited to proteins or 
fragments thereof. 

The terms "immunocompetent," "normal immune system" and like terms refer to 
15 the immune response which can be elicited in a normal mammalian host with the 
antigen of interest, when the antigen in question is administered without the 
modifications and preparation described herein. The immunogen can simply be 
administered to the host in unmodified form, and the normal immune response 
evaluated. Thus, using art recognized methods, this control is readily ascertained 
20 without resort to undue experimentation. 

The term "antibody" refers to immunoglobulins, including whole antibodies as well 
as fragments thereof, such as Fab, FCab 1 ), or dAb, that recognize or bind to specific 
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e P Uop=s. The ,e m te ^ ^ ^ 

chimeric te , as , ^ teing dKcribed ^ ^ ^ ^ pM ^ 

«.««97 ^ 4. 81 , 56 , which are herek fcy reference ^ 

"prepare te conaills suchaffiibodjes m fragnKnK ^ ^ ^ ^ 

* - » «*. wfcr, . least . ^ Qf ^ indivktoi ^ 
- * Prep^on recede ( ,,, bind „, „, ^ ^ ^ ^ 
— « «- -„ive- w ith Mligen whe „ fte ^ rf ^ ^ 
„,Cec»,e s ,„ fce MIigen „ „ ^ fcy ^ ^ 

methods. 

10 

An antibody is said 10 - rKosniM . ^ eptope jf . w ^ ^ ^ 

«** «- w and ^ . Bindtag „ |s ttos ^ fc ^ 

eoavemiona, sense, and te nM r£quir £ ^ ^ ^ 

15 

The.™ -eptope- isusedra id e„ t i* one or ra ore ponion, of M araigen or a „ 
~ g e„ which „ reco^ or reco gni2aW e by ^ or o to iramMe 

comport, Tie ., pitope regi0 „ . „ ^ ^ refers w ^ ^ 
■he surrourfta, «. „ „. ^ Qf ^ epj(ope akin8 w ^ 

» !pare . Hencs , ^ may take ^ m fc ^ ^ ^ 

structure of the antigen. 
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"Processing" and "presentation" refer to the mechanisms by which the antigen is 
taken up, altered and made available to the immune system. Presentation also 
includes, when appropriate, complexation or binding with MHC (see below) and 
other molecular events associated with generating an effective T-cell response. In 
5 certain instances, processing entails the uptake and partial proteolytic degradation of 
the antigen by APCs, as well as display on the APC surface in the context of MHC. 

The terms "reaction" and "complex" as well as derivatives thereof, when used in 
this general sense, and are not to be construed as requiring any particular reaction 
10 mechanism or sequence. 

The abbreviation "MHC" refers to major histocompatibility complex, a series of 
compounds which is normally present to a greater or lesser degree on the surface of, 
among others, antigen presenting cells. MHC functions to "signal" cellular immune 

15 system components, e.g., T-lymphocytes, to recognize and react with the antigen 
presenting cell and/or the antigen bound to said cell and/or the MHCs thereof. The 
term "signal" is used in the general sense to refer to the initiation of the reaction 
between T-cells and APCs bearing processed antigen in the context of MHC. As 
such the "signal" may involve any reaction between these components which causes 

20 the antigen to become recognized by antibodies, an antibody preparation or by the 
cellular immune system components. 
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For pu,p„ SK of lhe prese „, ^ ^ ^ ^ ^ 

abbreVhti ° n M "» - Moreover. lbe use 

"** " ~ * * »— <"«- is ta ,ievea ro b e ^ 
« app,ica b ,e t0 ^ to fc ^ ^ ^ 

5 scope of the tavemiop is t0 „e imerprel£d in ^ 



^ . ^ ltaiK(1 10 . ra0US e ^ M (a ^ ^ 

■0 (a _ ): rabbl , „„ (a homoK[nmer); tomM prcgiMcy mm ^ ^ 

— r); cow ^ h0 _ r); dog ^ ^ ^ 

or ovo^crogioo* (1 h0 _ r); „,„ ^ ^ ^ 

fr„ 8 ^ h _ er); „ ^ ^ ^ ^ ^ 



IS 



thereof. 

15 



on an 



* «. Tecep^,. refers t0 fc ^ ^ ^ ^ a ^ ^ 
APC. Ite receptor nav m edia,e e n docv,„ sis , ^ and £e „ ^ ^ 

» * P-nUv oeiieved * .ere are W „ ,ecep,ors for ^. Oe recepror ^ 
•«•*«. a., C e lto ac.iva.ion a* ^ ne o te «^ ^ 

20 "-^^"^M^^rop^eacuvauon. Wfcen 

fragmen, Ucics a d-iW*,,*.,^,^^ 

reac,i„„ si,e, i, appears t0 bw „ fc ^ ^ ^ ^ ^ ^ ^ ^ 
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endocytic receptor. When the C- terminal fragment includes the cis-DDP/oxidation 
sensitive reaction site, it appears to bind to both receptors. 

In accordance with the present invention, a structurally-defined and stable complex 
5 comprising an antigen and c^-macroglobulin is described which has utility in the 
modulation of the immune response. The present invention offers a facile and 
reproducible method for the preparation of a complex between a structurally-defined 
antigen and cvmacroglobulin, without limitation on the size of the antigen. 

10 As described in the Background section, above, prior studies on the formation of a 
complex between an antigen, such as a protein, and c^-macroglobulin, demonstrated 
the requirement for proteolytic attack of the native a^macroglobulin molecule to 
produce both a receptor-recognized form of the molecule as well as enable access of 
the antigen to the c^-macroglobulin thiol ester, comprising a glutamyl residue at 

15 position 952 (Gin 952 ) and a cysteinyl residue at position 949 (Cys 949 ). The cleavage 
of the thiol ester, formed from the respective amino acid residue amino and 
sulfhydryl group, provides potential covalent attachment sites for antigens. A 
nucleophilic amino acid residue on the antigen such as a lysine, when allowed to 
gain access to the thiol ester as a result of proteolytic cleavage, opens the thiol ester 

20 and becomes bound to the y-glutamyl residue. The same antigen or a second 
antigen may also be bound to the cysteine residue by means of a disulfide bond. 
The antigen-o^-macroglobulin complex then, through processing by the immune 
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system described in che Background section above eives rise to an i 

c» gives rise to an immune response 

to the antigen. 



™„ us swdles on lhe ^ esttr and am . en coupiing b ^ 

5 PriOT taVKd8a, ° re M " ^ <™ *» o«en metMar^ l0 

Smd) " heaC,iV,d0 " 0f «=- m ~ i "- 'n^neeo f protein, ^ 

Cave „ « Kttr and ac , ivaK ^.„ uiin ^ m ^ 

^ ^ ~~ *». However. after 

"UdeophUe ,„ „. thio, ester, „o fcnher addidon . 

■0 nuc,eop M e, sucn as „ e , ysy| rejidue of ^ ^ ^ ^ ^ considered to 



occur. 



The present invent in 5mdying ^ ^ ^ ^ ^ ^ ^ 

.0 a„,i ffi „s made ^ MIprising Md reiMrkaWe discoray ^ ^ 

Conditio. which „ fte nucleophi& Kcta8e ^ ^ ^ ^ ^ 

— , an e,ev aKd Kmperawe for M Wk ^ ^ ^ ^ 
a protein araig e n wiWl > SIab]e . ^ ^ _ 

20 exc^e „po„ tobation of x« tars a , abM 5( , c wift ^ 
whicr, res, B in signiflcaM tmai ^ proKjn ^ 
- "i-macrojlobulin. W Km „ ^ ^ ^ ^ ^ ^ ^ ^ 
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co valently attach an antigen to c^-macroglobulin in the absence of proteinase offers 
a significant improvement over the prior an in the facile and reproducible 
preparation of structurally defined antigen-cu-macroglobulin conjugates for 
modulation of the immune response. One major advantage to this discovery is that 

5 antigens that had been unsuitable for coupling to cvmacroglobulin because of size 
and/or susceptibility to proteolytic attack may be coupled to nucleophile-activated 
a 2 -macroglobulin in the absence of proteinases by the methods of the present 
invention. Because the conditions under which conjugation of the antigen to a>- 
macroglobulin are defined, greater ratios of antigen to o^-macroglobulin may be 

10 achieved. Furthermore, when proteinases are used, incorporation of the proteinase 
into the c^-macroglobulin occurs, reducing the capacity of c^-macroglobulin for 
antigen and producing a complex with more than one antigen: the desired antigen 
and the undesired proteinase. Furthermore, if proteinase is used, antibodies could 
be raised against the proteinase itself. These undesirable conditions are obviated by 

15 the present invention. Taking advantage of the propensity for o>-macroglobulin to 
participate in the processing of antigens in the enhancement or suppression of the 
immune response, the ability to prepare a structurally-defined complex offers a 
greater ease in the preparation of vaccines. 

20 The a 2 -macroglobulin useful in the present invention can be native or produced 
recombinantly, using well known techniques in molecular biology. The 
recombinant whole protein can be expressed in a glycosylated form, e.g. , by 
expression in a yeast, baculo virus, or mammalian expression system; or in a non- 



-30- 



/ 



WO 99/S0303 

PCT/US99/07236 

glycosylated form. , s .. b, expresston in . b2c , eria , HprBjion ^ jn ^ 
embodiment, ^macrogiobulin c> „ „ e ^ for ^ ^ 

expression ,„ the mi* of a lransge „ ic ^ ^ ^ _ ^ ^ ^ ^ ^ ^ 
preferred aspect, expression is carried „„, i„ . baculoviras expressto „ ^ 
5 which can provide for high yield, while avoiding the problem of endotoxin 

contamination that accompanies expression to bacterial systems, such as E. coU. 

Transgenic expression in mUk as described above also avoids these problems. 



Activation of %M to form «, M . may be achieved with a suitable amine, such as 
10 mat depicted by the formuia RNH ! whereto R is hydrogen or a straight-chain or 
branched lower ality, group „ frora , t0 ab0UI 6 carte , ^ „ ^ ^ ^ 
propyl, isopropy,. „.„„„,, isotay , ^ ^ ^ ^ ^ 

methylamine are preferred. 



15 As described above, it is a farmer advantage of the present invention ma, the size of 
*e antigen to be coupled to ^macrogiobulin is not limited. Previous methods 
which use proteinases to activate V macrog,ob„lto restrict the size of the coupled 
antigen to about 40 Kilodaltons, correspond^ to the 5 nm btoding poclce, formed in 
"wnacroglobulin after proteose cleavage. The methods of the present invention 
20 obviate the ^ed for activation of ^crogiobulin by a proteinase, and the size of 
■be antigen desired to be incorporated is not limited, and may range to size, fo, 
example, from about 0.5 to 100 BlodaJtons. The incorporation of the antigen or 
Piomolecule into one or more of the tbio, esters on a motole of ^-macrogfcbu.m 
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may occur at the glutamyl, cysteinyh or both residues formed from the cleavage of 
the thiol ester. A theoretical maximum of eight molecules of intact antigen per 
tetramer of a 2 -macroglobulin is possible. 

5 It has also been found that the degree of antigen incorporation into ou-macroglobulin 
by the methods of the present invention may be increased. In previous methods 
using proteinase activation, a certain amount of the proteinase may be incorporated 
into the a>-macroglobulin, limiting the amount of antigen that may become coupled. 
Additionally, it has been found by the present inventors that mild oxidation of the 

10 antigen may be used to further increase the amount of antigen which may be 

incorporated into a 2 -macroglobu!in. This may be achieved by the incubation of the 
antigen with an oxidizing agent such as N-chlorobenzenesulfonamide or other 
reagents which do not interfere with the structural or immunogenic properties of the 
antigen. 



In a specific but non-limiting example of the practice of the present invention, a>- 
macroglobulin is activated to its receptor-recognized form by incubation with 200 
mM ammonium bicarbonate, pH 8.5, for 1 hour. This treatment leads to the 
20 cleavage of the four thiol esters of the aj-macroglobulin. Subsequently, after 

removal of excess ammonium bicarbonate, the thiol-ester-cleaved o>-macroglobulin 
is incubated in 40-fold molar excess of an antigen such as lysozyme, streptokinase, 
or insulin. Incubation at 37 °C provides optimal incorporation of antigen after 24 
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-our, a, 50-C. me reaction „ fasIer and ^ ^ ^ ^ ^ ^ 

The combination of temperature anw 

■npmtun, a* tme setaKl ^ ^ ^ 



an., S e„ t0 «,-macro gI ob ul in : sMed ^ deteimtae ^ m ^ 
5 characteristics „ f me pmic „, ar ^ fc ofttaai ^ ^ ^ ^ 
**- product. The ElMnples Mow provMe ^ bM ^ ^ 

»— are contended. As wiII ^ ^ by fc ^ ^ ^ 
>0 us. henefit from fc ease Md ^ prep>ra ^ ^ ^ ^ 

P-oivtic c,eava g e, and the smcturaI ^ ^ ^ 

illustrative of the numerous uuife 0 , me . 

complex of the present invention and are 
™ mean, to he , imiti „ g . 0ther ^ of ^ ^ ^ 

>5 macros complexes of me present invention may be fouod ,„ 

to Duke University , ^ by ^ 

As Moated earlier, me utility of an^-mae^in complexes of the 
Present invention is predicated on improved an,i g e„ presenBtion ,, ^ ami _ 
* —v, a drama[ic ^ h ^ ^ b ^ ^ ^ 

-ro^uii, T„, s signifant ^ ^ ^ ^ om ^ ^ ^ ^ 

the other being the ability of the comnlev nf th- 

implex of the present invention to be prepared 
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without use or inclusion of a proteinase. The ability to delete adjuvant from the 
formulations prepared in the present invention represents a further efficiency and 
likewise eliminates the potential for deleterious reactions and delays in uptake that 
have been experienced with adjuvant-containing formulations. 

5 

The present invention further extends to the preparation of antibodies to antigens, 
including where desired, the preparation of monoclonal and chimeric antibodies 
based upon those raised against the complexes of the present invention-, as well as 
"primed" lymphocytes specific for the antigens: Likewise, the present invention can 
10 be used as a means for stimulating antigenicity and immunocompetence in instances 
where the particular antigen has previously failed to elicit immunologically or 
therapeutically significant arousal and activity in the host. 

The utilities of the complexes of the present invention are primarily directed to the 
15 administration of antigens recognized by the macrophage in view of the existence on 
the macrophage of receptors for cvmacroglobulin. However, other APCs may 
possess receptors for o^M and the present invention is accordingly intended to 
extend to the presentation of antigen to these other APCs. 

20 By coupling the antigen with c^-macroglobulin in accordance with the present 
invention to form the complex of the invention and using the complex as the 
immunogen, a "modified immune response" can be achieved. This means that, e.g., 
the immunogen can be used to raise antibodies which are specific to epitopes either 
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A fcrther emh„di m e„, may for e „ mpIe t>ke advM[age ^ AK ^ ^ 
w h ,ch recog„i Z e and « „ „ ^ ^ ^ ^ ^ ^ ^ 

complex of the invention. 



^ A„, ig e„ uptake by ^ ^ CM ^ ^ nonspKMc ^ ^ ^ 

foiiowed by di s play of te ^ in m ^ ^ ^ 

Once antigen is taenM , tad by ^ ^ proKo]ytic desradatioo ^ ^ ^ 

pre,_ endosome, and „ pepdde ^ ^ ^ amjKn ^ 
10 associated wilh Mc ^ However panja _ ^ ^ 

may he essentia, i„ or de t „ gMsraK ^ ^ ^ ^ ^ 

*e peptide fragments thercof , _ ^ ^ ^ ^ ^ ^ ^ 

de,rimmal ' 11,8 — * — ™«o„ of pro,eo ly sis which „ „ 

«— for the processing of a specifi£ mtigen has ^ [o ^ 

15 processing and presentation, suggestina that fl*. !„,„, 

SS^nng mat the interference with inappropriate 

Protect acmaiiv enhances antigen p^,,,, ^ ^ ^ ^ 
methods for the p r e P aratio„ of the anogen-^acrog.oMin complex 
— * denned antigen for deiiver, to d,e APC and s Ub se,»e„, prising 
Proteose degradation of the a„,i gc „ durtog of ^ ^ . ^ 

20 desirabie in order to achieve the desired immune respons . 

The antibodies described herein 



a 



are typically those which recognize the epitopes 

the antigens which are made recognizable enh™^ 

gnizawe, enhanced or suppressed as described 



on 
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above. By injecting this type of antigen into a mammal, such as through a 
hyperimmunization protocol, modulated antibody responses or CTL responses to the 
epitopes can be achieved. 

5 The antibodies which are disclosed herein may be polyclonal, monoclonal or 

chimeric antibodies, and may be raised to recognize the desired epitope and used in 
a variety of diagnostic, therapeutic and research applications. For example, the 
antibodies can be used to screen expression libraries to ultimately obtain the gene 
that encodes proteins bearing the epitope evaluated. Further, antibodies that 
10 recognize the antigen presented can be employed or measured in intact animals to 
better elucidate the biological role that the protein plays, or to assess the state of 
immune response or immunologic memory more effectively. 

Polyclonal, monoclonal and chimeric antibodies to the antigen can be prepared by 
15 well known techniques after immunization with a complex according to the 

invention, such as the hyperimmunization protocol, or the hybridoma technique, 
utilizing, for example, fused mouse spleen lymphocytes and myeloma cells. 
Immortal, antibody -producing cell lines can also be created by techniques other than 
fusion, such as direct transformation of lymphocytes with oncogenic DNA, or 
20 transfection with Epstein-Barr virus. Likewise, chimeric antibody molecules can be 
produced using an appropriate transfection and hybridoma protocol. In an 
analogous fashion, immortalized epitope-specific T-lymphocyte lines can also be 
developed. 
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^ pre.™ inven.ion also lncMes Ifc ^ ^ ^ ^ ^ ^ 
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I. a .referred embodimen, ^ ,„„, M ^ ^ ^ immunosenjc compiM ^ 
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*** For exampie. toe pepIide T1 . SP10MN(A) (MW ^ ^ ^ ^ 

following amino acid sequence: 

KQIINMWQEVGKAMYACTRPNYNKRKRIHIGPGRAFYTTK (S EQ , D N0 ,, 
can be co mpl exed wilh ^ by ^ „ f ^ ^ ^ 

» « r macro g ,ob„„n h accordance w it » te ^ of tne ^ ^ 
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con, pI exe S „ f Ae invemion jnclude ^ ^ ^ 
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[Tl-SPIOIIIB(A): sequence = 

KQIINMWQEVGKAMYACTRPNNNTRKSIRIQRGPGRAFVTI (SEQ ID NO:2); 
ref. 52] encoding a HIV (human immunodeficiency virus) gpl20 T-cell epitope (Tl) 
(76); HBsAg, the protein representing one of the major surface antigens of human 
5 Hepatitis B Virus; peptide OS (amino acids 124-147 of HBsAg; sequence = 

CTTPAQGNSMFPSCCCTKPTDGNC, SEQ ID NO:3) (80); and a chimeric peptide 
(sequence = TRILTIPQSLDSCTKPTDGNC) (81) representing a T-cell epitope 
(amino acids 23-34) of HBsAg joined to the NH 2 -terminus of a B-cell epitope 
(amino acids 139-147) of HbsAg. These examples are meant to be illustrative of the 
10 types and varieties of antigens that are suitable for preparing useful immunogens of 
the present invention, and are not to be construed as limiting in any way as to the 
selection of antigen. 

In another embodiment, an immune response to a particular antigen may be induced 
15 in an animal by exposing in vitro antigen presenting cells isolated from the animal to 
a complex of the antigen and o^M as described herein. After exposure, the antigen 
presenting cells may be reintroduced into the animal, and the thus-primed antigen 
presenting cells will induce an immune response to the antigen. For example, to 
induce an immune response to a tumor growing in a patient, a complex may be 
20 prepared between isolated cancer cell antigens and c^M. Dendritic cells may be 
isolated from a whole blood sample from the patient, and exposed to the tumor 
antigen-a : M complex in vitro. The dendritic cells are then reintroduced into the 
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elicited to attack the tumor. 



Therapy lrealmenIS and diagMS „ c ^ ^ fc ^ ^ ^ ^ ^ 
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15 
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specific lymphocytes can be primed and activated, which are effective for treating 
disease or preventing the development or spread thereof. In a specific embodiment, 
the invention provides a vaccine against HIV. 

5 The preferred non-cellular components which recognize antigen and which are used 
to characterize epitopes presented in accordance with the invention include the 
antibodies raised to an antigen which are not normally elicited in the absence of the 
methods described herein. Also, as noted above, the most preferred antibodies are 
raised to antigen in the complex, but recognize the non-modified molecule. 

10 

The general procedures set forth above are illustrated in .the following non-limiting 
examples. 

MATERIALS AND METHODS 

15 Buffers, 5,5'-dithiobis(2-nitrobenzoate) (DTNB), hide powder azure. NfyHCC^, P- 
aminopropionitrile. iodoacetamide, porcine pancreatic elastase and bovine insulin 
were from Sigma (St. Louis, MO). Thiocyanic acid 2,4-dinitrophenyl ester 
(DNPSCN) was obtained from TCI America (Portland, OR). Bovine serum 
albumin, RPMI medium and Earle's balanced salt solution were from Gibco BRL 

20 (Grand Island, NY). Hen egg lysozyme was from Boehringer Mannheim. Tl- 

SPIOMN(A) peptide was a kind gift from Dr. Barton F. Haynes, Duke University. 

® 

IODO-BEADS were from Pierce (Rockford, IL) and New England Nuclear 
(Boston, MA) was the source of l25 I-Bolton-Hunter reagent and Na 125 I. The 
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electrophoresis reagents were from Bi o-R ad Laboratories (Rkhm ^ ^ ^ 

Cross (Charge. NC). C57BL/6 mice were obtained f rom Charles River 
^oratories (Raleigh, NC). The spectrophototneters use d were either a Shima dzu 

He lg hts. IL). The labeled proteins were counted in an LKB-Wallac 1272 
CLINIGAMMA counter (Piscatawav. NJ) and gels wjth ^ ^ ^ 

analyzed in a PHOSPHORIMAGER™ 410A f™ m m . , 

K 410A from Molecular Dynamics (Sunnyvale 

CA). 

10 

Human a.M was purified as previously described (5V Th, , 

j ucscnoea (53). The concentration of intact 

AM ester was determined by , itra[io „ wift DTNB (53.54). The protein 
concent was based o„ W , %/lcm) = 8 .„ 3 , mo|ecu , ar ^ ^ ^ ^ 
The DTNB titration con[irmed ^ tta ^ ^ ^ ^ ^ ^ ^ ^ 

15 preparations were intact. 



Mess otherwae s,a,ed the thio, ester-eieaved derive, designated was 
prepared by bating ^ (2 10 4 ^ ^ ^ m ^ ^ ^ 

8.5 with NH 4 OH) for 60 m i„ « room temper. By this treatment more man 
20 95% of the « esters were cleaved as judged by thio, ester titration with DTNB 
(53.54), electrophoretic mobility and in me hide p„ wder ^ aSMy 
Excess mooiiymg reagent was removed by ge, nitration „„ a PD-,0 SEPHADEX 
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G-25 column (Pharmacia, Piscataway, NJ). The buffer was, unless otherwise stated, 
50 mM Tris, 50 mM NaCI, pH 7.5. 

Lysozyme was brought into solution in water and diluted into an appropriate buffer. 

■ 5 Insulin was brought into solution at acidic pH and diluted into an appropriate buffer. 
The purity of insulin and lysozyme was assured by reducing and non-reducing SDS- 
PAGE. The insulin concentration was based on e,80nm= 5220 M* ! cm* 1 (58), and 
A 2sonm(l% /lcm ) = 26.5 was used for lysozyme (59). Insulin or lysozyme were 
incorporated into aM by incubating desalted o^M* with excess ligand at 37 °C or 

10 50°C for 5-24 h. In some cases the complexes were separated from free ligand by 
gel filtration on a SEPHACRYL S-300-HR column (Sigma, St. Louis, MO). The 
extinction coefficient used for the complexes was that of free aM. which is a 
reasonable estimate well within the experimental error. Proteins were concentrated . 
using AMICON cells or CENTRICON concentrators from Amicon (Danvers, 

15 MA). 

Lysozyme and insulin were labeled with 125 I-Bolton-Hunter reagent, basically as 
described by Bolton and Hunter (60). In some case^ lysozyme or insulin were radio- 
iodinated using IODO-BEADS according to the manufacturers specifications. 
20 Radioactivity was measured using an LKB 1272 y-radiation counter. 

SDS PAGE was performed in 4-20% gradient gels (10 cm x 10 cm x 1 .5 mm) using 
the glycine/2-amino-2-methyM,3-propanediol/HCl system described by Bury (61). 
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Non.de„aturi„g pore,™ PAGE sepals proteins wording to their [adius of 
g yra.i„„ at* „ carried out 3, prevfously ^.^ <53) ^ a,M is , reated wiU] 
NH, the thio, ester fc cleaved „, „, co „ fcrnlational changK assoc . ai£d ^ ^ 

~ * n °"- deraM ™ § "GE <6r-6 3) . The eiectrophoretic mobiiity 

5 of native „ :M „ Ir a diIiona „ y referred „ aj ^ ^ 

inactivate, as -fas,-. ,„ a „ smdies ^ ^ fe ^ 
of «,M and h derivalives wi „ be ^ K ^ ^ ^ ^ ^ 
porCimi. geis descried tee were 4 . IS% gradjen , ge , s (w ^ ^ w ^ x t ^ ^ 
In some cases the ge,s were dried and scaled for radioactive raarkers „ , 

10 phosphorimager™. 



The binding srodies were performed basic«„ y as described by fmber and Pl2Z o (64) . 
Peritonea, macrophages were obtained from thiogiycolate stimujated C57BL/6 mice 
as previous* described (65, : piared in 24-wei, piares (2 x ,rf celis/we,,,. and 
>5 incubated a, 37'C in a humidified CO, incubaror. After eoui,ib ra ,ion a, 4»C the 
monCayers of ce„s were rinsed with te ooid Earie's baianced sa„ so,„,io„. 0.2% 
bovine serum aibumin. .ncreasing concentrations (0.23 nM - 60 „M> <* "Wd 

or «,M. wim protem , isand incorporated by f or 5 fi at 50°C, 

were added to each we., and aiiowed ,0 incubate vvidr gentie agitation a, 4'c for 16 
20 h. Non-specific bindtng was determined in paraiie, experiments to which binding of 
radio-iigand ,oo k piace in me preset of ,0- ,0 ,0O-fo,d mo,ar excess of nnlabeied 
■igand. Radioligand soiution was removed from the weiis, which were rinsed with 
Earie's bataced sal, soluUon, 0.2% bovine serum aibumin. The celis were 
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solubilized with 1.0 M NaOH. 0.1 % SDS and counted in the y-counter. Specific 
binding was calculated from total binding minus nonspecific binding and was 
determined for each ligand by direct fit to the one site binding equation, using the 
non-linear data program SIGMAPLOT (Jandel Scientific, San Raphael. CA). 

5 

EXAMPLE 1 

oc 2 -Macroglobulin* was prepared as described above and incubated with a forty-fold 
molar excess of 125 I-Bolton-Hunter-labeled hen egg lysozyme at 50 °C. The samples 
were analyzed by non-denaturing pore-limit PAGE (Figure 1A). The control 

10 samples, in the absence of lysozyme, behaved as expected (18), reverting to the 
"slow" migrating conformation characteristic of native o^M (Figure 1A, lanes 6-8). 
However, in the presence of lysozyme there was a distribution of "slow" and "fast" 
migrating c^M even after 24 h at 50°C (Figure 1A, lane 5). The gels were dried and 
scanned for radioactivity on a PHOSPHORIMAGER (Figure IB). Radioactivity 

15 was identified only in the samples that had been incubated with '-T-Iysozyme, and it 
migrated at the position corresponding to "fast", receptor-recognized a,M* (Figure 
IB, lanes 3-5). To further confirm the position of the radioactive band, an aliquot of 
the complex isolated after 5 h of incubation (see below) was incubated with an 
excess of porcine pancreatic elastase. Coomassie blue staining confirmed that all the 

20 protein shifted to migrate in the same position as the radioactive band, "fast" c^M* 
(Figure 1, lanes 9 and 10). Studies were attempted utilizing increasing 
concentrations of lysozyme in an effort to prevent c^M* from reverting to the 
"slow" migrating conformation. However, due to solubility problems it was not 
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possib* to drive the reaction to completion. and in alI m ^ 

reverted to the - slow . ^ ^ ^ _ ^ ^ 

SDS-PAGE analysis cottfrmed th=, no, a „ ^ , ys02yme ^ ^ ^ 

covalendy torpor (Figure 2). With the samp,es which were kept „„ ice or a , 
5 room temperature most of the „ aj ^ ^ ^ ^ ^ ^ 

sample to «K in the presence of „ SDS ^ ^ ^ 4) ^ 
incorporation of "Mysozyme ta „ %M , ^ ^ ^ 
incubation a, *-C (Figure 2B, la „es 5 a*, 6 , radioanive ^ . ^ ^ ^ 
<he 1*0 Icfa subuni, o, ^M). A t ta e course study defined op lima , conditions for 
10 covalent ligand incorporation to be 5 h at 50°C. 



EXAMPLE 2 

To toner characterize the complex. ^ „ as ta h a ,ed with . fony . foId „ of 
-I-Bolton-Hnnter labeled lysozyme at 50-C (5 h, as described above. The complex 
15 formed was separated iron, the free Ugand by geI fllIra , i5n „„ m ^ 

non.denan.ring pore-.hnit PAGE (Figure 1A, ,a„e ». „ is not possible , 0 ^ 

* »o forms o, the macoglobulta by ge, ffltration and the stoichiometry presented 

* based on the mixture of the two form , TlK „ , yM2yme ^ 
20 — n—d from the tou, protein concentration (A^, the radioactivity 

incorporated, and the specific radioactivity of the -I-Bolton-Hunter labeled 

lysozyme (3000-5000 c.p.m./pntol) Th« m m„i. tJ 

F pmotj. the complex had approximately 2.3 moles of 

lysozyme bound to each mole of o,M (see t»w. i t.i * „. 

■ tsee table 1 below). More than 94% of the 



•47- 



WO 99/50303 



PCTAJS99/07236 



radioactivity of the complex was precipitated with 25% trichloroacetic acid, 
indicating that it is all associated with protein. To characterize the stability of the 
complex, an aliquot was boiled for 30 min followed by centrifugal microfiltratton in 
CENTRICON 100 microconcentrators (cut-off at 100 kDa), to isolate any free 
5 lysozyme or radioactive label. The filtrate was analyzed for radioactive counts and 
less than 15% of the radioactivity of the complex was released. The level of 
non-covalent binding was quantified by denaturing the complex in 1% SDS, 30 min 
at 100°C, followed by centrifugal microfiltration. Approximately 60% of the counts 
remained in the cuM^complex indicating that 1.4 moles of lysozyme bound 

10 covalently to one mole of o^M* at 50°C (5 h). Analysis of the complex by 
SDS-PAGE confirmed the stoichiometry (Figure 2, lanes 2 and 3). Before 
electrophoresis, the samples were boiled for ten min in the presence of 1 % SDS, 
and, in some cases. 50 mM DTT. After drying, the gels were subjected to imaging 
on a PHOSPHORIMAGER. The radioactive bands were quantified either by the 

15 program provided with the PHOSPHORIMAGER or by excising bands from the 
gels and counting in a gamma-counter; both methods gave very similar results. 
Under non-reducing, denaturing conditions, approximately 1.6 moles of 
l25 I-lysozyme remained bound per mole of complex (Figure 2B, lane 3). When 50 
mM DTT was present during the SDS treatment approximately 0.6 moles of 

20 l25 I-lysozyme remained bound to OjM per mole of complex (Figure 2B, lane 2). The 
radioactivity migrated at positions corresponding to either the electrophoretic 
mobility of free lysozyme or the 180 kDa subunit of a,M. 
Table 1 
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Interaction 



Covalent and non-covalent 



Cys 9u and Uln*- mediated" 
(SDS resistant 



Gin 932 mediated 
(SDS and DTT r^c,» nnf] 



Moles of labeled ligand bound 



PCT/US99/07236 



per mole of a,M 



Ligand and Condition 
Lysozyme 37°C (24 h) 



6.6 



Lysozyme 50°C (5 
h) 



2.3 




10 



EXAMPLE 3 

The efflcienc, of te reacIion « , ow „ ^ ^ ^ 

*— whh a fon , foId escm of ^ ud 3?>c ^ ^ ^ 

course s My was perforraM , EM afer ^ h ^ hcobaijon ^ ^ ^ ^ ^ 
« -a,c W ^corpora*, of lySKyme jmo ^, k ^ ^ sDs _ pAo£ ^ 
— nricrof,,™™ 0 f te SDS ^ iM|ated comp|ex ^ ^ ^ ^ 
»-C. « 37-C me tta e* p e nd e„ t eleclropllorelic ^ ^ ^ ^ ^ 
- *e presence of lys o 2ynK M d _ „ fc ^ ^ ^ 

n-^g conform characerMc of m[ive . ^ M ^ 3A , ^ 3 ^ 6) 
20 SDS-PAGE cererroioeo fte optiM , ^ fa ^ ^ ^ ^ ^ 

convex which was ^.ed after „ h „ ^ ^ m ^ ^ 

bound ,o each ra o,e of «,M (see Tah,, , ahove, The ,eve, of „„„. ovalent 
b-tai was qu anU f ,ed o y den*^ ^ comp ,„ h , % ^ ^ ^ ^ ^ 



-49- 



WO 99/50303 



PCT/US99/07236 



followed by centrifugal microfiltration. Approximately 1.3 moles of lysozyme 
remained covalentiy bound per mole of cc^-complex (Table 1, above). Analysis 
of the complex by SDS-PAGE confirmed the stoichiometry (Figure 4A and 4B). 
Under non-reducing conditions approximately 1.3 moles of lysozyme remained 
5 bound to each mole of o^M. When 50 mM DTT was present during the SDS 
treatment, 1 .0 mole of l25 I-lysozyme remained bound per mole of o^M. It appears 
that at 37 = C a higher fraction of the covalent binding is resistant to reduction than at 
50°C. 



10 EXAMPLE 4 

The non-proteolytic, covalent incorporation of protein into a2-macroglobulin* is not 
limited to lysozyme. The smaller protein insulin behaved very similarly. a2- 
macroglobulin* was incubated with a forty-fold excess of !25 I-Bolton-Hunter labeled 
insulin at 37°C or 50°C for 5 or 24 h. At each condition the complex formed was 

15 analyzed by non-denaturing pore-limit PAGE and both "fast" and "slow" migrating 
a2-macroglobulin was present, as described above. The amount of insulin 
covalentiy incorporated was determined by SDS-PAGE in a time course study. The 
optimal conditions for incorporation were (as for lysozyme) 5 h at 50°C or 24 h at 
37 °C. The complex formed at 5 h incubation at 50»C had 3 moles of insulin bound 

20 covalentiy to each mole of cc2-macroglobulin*. Under reducing conditions only 0.3 
moles of insulin remained bound per mole of cc2-macroglobulin*. As was observed 
with lysozyme, the complex was more resistant to reduction when formed at 37 °C 
relative to 50°C. In the absence of reducing agents 2.5 moles of insulin bound 
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covalentiy per mole of complex formed at 17 r n± m n, 

v rormed at 37 C (24 h). Under reducing conditions 

approximately 1.6 moles of 125 r ;„«.. i- 

moles of I-insulm remained bound to each mole of «2- 

macroglobulin*. These data are summarized below: 
Table 2 



10 



Interaction 


Moles of labeled liga 
ofce 2 M*Li£and and 
insulin 37°C (24 h) 


tnd bound per mole 
Condition 


<~ys~ and Gln* J - mediated 

(SDS resistant) 


2.5 


insulin 50 °C (5 h) 
3.0 


Ciln^ mediated 

(SDS and DTT resistant 


1.6 , 


0.3 



EXAMPLES 

The covaien, bond between lysozyme ^ ^ ^ ^ ^ ^ ^ ^ 
Mercerized. Nauve, -stow migrating ^ m ^ 
>5 <W a, 37=C (24 h, or 50°C (5 h). The sampies were analyzed by 
SDS-PAGE as described above (gels „„, ^ow,,,. Al 3rc ^ 

incorporation into native tt,M was less than 7 «- „r ,i_ ■ 

-! as less tnan 7 % of the incorporation into the thiol 

— ^ved. -fast- migrating At 50T the covaient incorporation into native 
«,M was approximate W% of tfc incorporation into „ M .. The only chemica, 
20 difference between native ^ and «, ester cleaved ^ is fc release of ftee 
CysMO a* die modification of G,„952 with -NH, in «, M . me limited 
incorporation of ,i g a„ d inI „ mtlve ^ ^ ^ fc ^ ^ ^ ^ 

hcorporauon of lysozyme into „ M . is mediated drrough the component of the 
■»« ester, either through nucleophilic exchange „ GhP or tough thiol-disulfide 
25 exchange a, Cys». This was further investigated by examining ^ ^ration of 
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protein ligancl in the presence of competing nucleophiles or thiol specific reagents. 
In some experiments, incubations of c^M* and 125 I-!ysozyme were carried out in the 
presence of 150 mM P-aminopropionitrile, a reagent that competes for incorporation 
into the glutamyl residue of the thiol ester (20). Some incubations were carried out 
5 in the presence of 0.65 mM DNPSCN or 0.1 mM iodoacetamide, reagents that 
modify Cys 949 in c^M* (66-71) (at higher concentrations of reagents the protein 
precipitated during incubation at elevated temperatures). In parallel experiments 
c^M* was incubated with either 125 I-lysozyme or the modifying, reagents alone. The 
samples were analyzed for radioactive protein incorporation in cc,M* by 
10 SDS-PAGE. 





Percent of labeled lysozyme bound to ct,M* in the 
presence of competing reagent, relative to conditions 
where no thiol ester specific reagents are present 


Amino acid residue 
targeted by competing 
reagent 


37°C, 24 h 


50°C, 5 h 


Gin 952 


40 % 


40 % 


Cys 949 


55 % 


30 % 



After 5 h at 50 °C, the samples with P-aminopropiQnitrile present had incorporated 
approximately 40% of the lysozyme incorporated in the absence of 
20 P-aminopropionitrile. In the presence of DNPSCN or iodoacetamide, the 

incorporation represented close to 30%. After 24 h at 37°C, the samples with 
p-aminopropionitrile present had incorporated approximately 40% of the lysozyme 
incorporated in the absence of p-aminopropionitrile. In the presence of DNPSCN or 
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iodoacetamide the incorporation was 5M0% . Thus modificaiion of ej[her 
Cys ,n « !M . reduce, the incorporation ^ 



EXAMPLE 6 

5 and a,M*-lysozyme convex fo„ne d by incubaIfon „ ^ (J h) ^ ^ 

•odinated with Na", and ^ oinding „ ^ ^ ^ ^ 

-** ^ ,o ,he „, acropnages wia staUar afflni[y; 

Wex,- 8±2 „m. fc ^ compfex ^ toth ,. siow , ^ ^ 

-p.or-reco g „ i2 =d ^M. are present, we did no, separate „. two foms 
.0 macros „, te SIOi£hiom£Iry is ^ m ^ mtore ^ ^ ^ ^ 

the fac, tha, „„iy to recep,or.reco s „i 2 ed form bWs „ 
Th,s may e Xp , ai „ why te ^ fcr ^ corapiK . !]isMy hi?her ^ ^ ^ ^ 

However, tfc observed vaiues are wid,i„ Omenta, error for such swfc „ 
consistent with c, ur *„ value for ^ of ^ ^ ^ ^ ^ 



EXAMPLE 7 

In one series of expert nen egg , ysozynle was radi , MnaKd ^ ^ by 
* method of cnentica, oxidation with ^^^^ 

on poorer, tads (10DOBEADS*). n. reacnon between the raflc-iodinated 
20 iysozytne and „ M . appeared „ fc „„ ^ ^ ^ ^ 

Bollon-Hunter labeled hen e Sg lysozyme. o, M ' 



was incubated wiih a forty-fold 
excess of "l*^ « 50 . c . ,„ , ^ ^ ^ ^ 

«>°C in the absence of .ysozynte, and the sampies were anaiyz*. a, 0 h, 5 h * 24 
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h by non-denaturing pore-limit PAGE. As described above, the control samples, 

with no lysozyme present, reverted almost fully to the M slow M migrating 

conformation characteristic of native oc^M (Figure 5, lanes 3-5). However, in the 
125 

presence of I-lysozyme all the protein and radioactivity migrated as "fast", 
5 receptor-recognized o^M*, even after 24 h at 50°C (Figure 5, lanes 6-8). Free I25 I- 
lysozyme was separated from the complex (after 5 h at 50°C) by gel filtration on an 
S-300-HR column. The amount of lysozyme bound to c^M in the aM*- i25 l- 
lysozyme complex was determined from the radioactivity incorporated and the 
specific radioactivity of the lysozyme used for complex formation (18500 

10 c.p.m./pmol). Approximately 2.7 moles of 125 I-lysozyme were bound per mole of 
a 2 M*. The level of covalent binding was quantified by denaturing the OjM*- 
containing fractions in 1% SDS for 30 min at 100 °C, followed by centrifugal 
microfiltration in CENTRICON 100 microconcentrators, to isolate any free 
lysozyme. Approximately 75% of the counts remained in the a^-^I-lysozyme 

15 complex indicating that 2 moles of hen egg lysozyme bind covalently to one mole of 
cc 2 M*. When analyzed by non-denaturing pore-limit PAGE, the OjM'^I-lysozyme 
complex migrated exclusively as "fast", receptor-recognized o^M* suggesting that 
the equilibrium has been driven towards complete complex formation. 

20 The complex was further characterized by SDS PAGE (gels not shown). Before 
electrophoresis, the samples were boiled for ten min in the presence of 1% SDS, 
and, in some cases, 50 mM DTT, and the gels were analyzed on the 
PHOSPHORIM AGER™ . Under non-reducing conditions SDS released 
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approximately 0.3 moles of fm l25 i i 

moles of free I-lysozyme per mole of a 2 M*- i:!5 i-iy SOZ y me 

« whereas !, moIes of ^ ^ ^ ^ 

were released per mole of 125 r i 

cova lrat ta[ e raclion obataed WM] radio . iod|Mttd ^ ^ ^ ^ ^ 
fed* w ith -I-B 0 , ran .„ unKr laMed ]ysozyme an<) a wgher frMion ofihc 

«— „ Wtag „ IBtoara [0 ^ Stae ^ Bolton-Hunter reagent team 
- , ysyl resite it „ ^ ^ ^ ^ ^ ^ £ovte 

^ wiIh ]yso2yme a _ so „ c ^ a mjgra(jon ^ ^ ^ 

■»» PAGE tafa, t0 ^ inaibaK(| ^ , !Wn . HunKr iawed ^ 
b* no, shown) and distribution ^ ^ ^ ^ ^ 
» w as Ita sam , W1M ^ Mpertaems _ repeated ^ ^ 

« ^os* <o o, M „„ by IODOBEADS* i„ fc absence of ^ ^ ^ 
PAGE c 0nltaKd te ^ ^, ^ ^ ^ ^ ^ 

compto remaiMd „ to . fas ,. mjgra[ing ^ ^ ^ ^ ^ 

W. tafa. assu™ «« te mild Midati0 „ . primes . fc ^ resMi]K 
» ,o „, more readily wift ^ ^ k eKtange ^ ^ ^ ^ ^ 

«- e*=r in m mecnanism has ^ ^ ^ ^ ^ 

ft. *e en,^ W „ due , 0 oxidatta of ^ ^ ^ ^ 
on lysozyme. 
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EXAMPLE 8 

The above experiments were repeated using insulin. Interestingly, the smaller 
protein insulin behaved similarly to hen egg lysozyme. When insulin was radio- 
5 iodinated with Na l25 I, by the method of chemical oxidation using IODOBEADS*, 
the ligand was fully incorporated into c^M* after incubation for 5 h at 50°C. In 
non-denatured pore-limit PAGE all protein and radioactivity migrated as one band at 
the position corresponding to "fast", receptor-recognized c^M* (Figure 6, lanes 4- 
6). After isolation of the o^M^insulin complex, 7.5 moles of 125 I-insulin were 

10 found bound per mole of o^M*. Covalent binding accounted for approximately 57% 
of the insulin in the c^M*- I-insulin complex (4.3 moles of insulin per mole of 
o^M*), as quantified by centrifugal microfiltration. The complex was analyzed by 
SDS PAGE (Figures 7 A and 6B, lanes 2-6). Under non-reducing conditions SDS 
released 2.8 moles of free l25 I-insulin per mole of c^M^^I-insulin complex, 

15 whereas 3.3 moles of 125 I-insulin remained in complex with each mole of c^M* 

(Figure 7B t lanes 4-6). When 50 mM DTT was present during the SDS treatment 7 

moles of I25 I-insulin were released per mole of c^M and very little radioactivity 

remained associated with the macroglobulin (Figure 6B, lanes 2 and 3). In parallel 

» 

experiments c^M* was incubated at 50°C in the presence of non-treated, native 
20 insulin and the samples were analyzed by non-denaturing pore-limit PAGE at 0 h, 5 
h and 24 h. As described for lysozyme some of the c^M* reverted to a "slow" 
migrating conformation with no insulin incorporated and the reaction was not as 
complete as when insulin was primed by oxidation using IODOBEADS . 
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-orporate cova,e„,, y in[0 ^ ^ _ ^ ^ 

W or 50-C (5 h) . Approximate,, <, 6 (37 . Q or „ (50 . Q ^ 
bound p. moie of %M . Bomng of ^ %M ,, yso2yme compkx ^ ^ ^ 
5 of the radioactivity te0 rpor.ted. Boi , mg „ ^ ^ ^ 

S «nif,ca„„ y more. indtei „ s ^ M J0 „ c (J h) M (M w ^ ^ 

— of.ysozyme incorporated covalemly per om ^ of ^ ^ ^ ^ 
values owned by pro[eoIytic ^ ^ ^ ^ ^ ^ 

ooundcovalenU.permoieof^a,,. Durills[heprotto]yticreacdoniihe 
.0 protemase u capped wi. tte , igaftd m ^ ^ ^ ^ ^ ^ ^ ^ ^ 

*e hgand and the proteinase itaits the „umber of molccll|es ^ ^ ^ 
incorporated. Furthermore, the activating proteinase conges w„h ivso^e for 
-action with the tnio, esters, interest, when incorporated through a proteose 
mediator me bond between iysozyme and «M was resistant to reduction (27) 
" whereas we find that some of the iysozyme incorporated by nnoieophiie activation is 
teased from the <,M..,ysozy„« compiex b y reduction. During the proteose 

activation, nucleophiles on the sui-far* nf 

v on me surface of the protein can react with the P-glutamyl 

group of the thiol ester (Gin 952 ) butin«.M* 

y m out in c^M*. this group is modified with -NH 2 The 

« eroup from , h e „ iol ester (Cy s», is, however, avaiiabie for disulfide 
20 ^change (73). ,, appears that temperature affects the distribution between Gbf» 
^ Cys- incorporation. The compiexes formed a. 37-C were more resist , 0 
reduction than me compiexes formed a, 5 0°C indicating a increase in preference for 
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reaction with Cys 049 as opposed to exchange of nucleophiles at the site of Glif 52 at 
the elevated temperature. 

Mild oxidation of lysozyme and insulin resulted in increased incorporation into 
5 a 2 M*. The improved incorporation induced by oxidation has not been previously 
described and we speculate that it is due to amino acid residues in the protein ligand 
undergoing oxidation to a more reactive nucleophilic state. 

Insulin is a small, growth factor-like molecule of a size (6 kDa) at the limit of what 
10 can diffuse in and out of the closed trap in c^M* whereas lysozyme (14 kDa) is too 
large for diffusion (35). Incubation at 50°C allows approximately 3 moles of insulin 
to covalently incorporate per mole of o^M*, which is comparable to the proteolytic 
incorporation of 3-4 moles of insulin per mole of c^M (21). 

15 From a structural point of view, the ability of nucleophile inactivated o,M* to 
entrap and form SDS-stable complexes with diverse, non-proteolytic proteins, 
expands the previously characterized binding mechanisms known for c^M and c^M* 
(as reviewed in (74) and (75)). 

* 

20 EXAMPLE 9 

In this example, the ability of complexes formed from streptokinase and amine- 
activated o^-macroglobulin to induce an immune response in human immune cells 
was evaluated. Streptokinase was purified from KABKINASE (Pharmacia Adria) 
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obtained from the Duke University Medical Center pharmacy according to the 
methods of Castellinoetal. (Methods in Etymology XLV:244-257). Itwas 
necessary to repurify the original material in order to obtain streptokinase free of 
human serum albumin which is used as a carrier in KABH3NASE. 
5 Macroglobulin was purified from outdated human plasma (American Red Cross, 
Durham, NC) by the procure described in (64). LAL endotoxin test kits were 
obtained from Associates of Cape Cod and endotoxin removal columns (Detoxi-Gel) 
from Pierce Chemical Company (Rockford, IL). 

10 Normal peripheral blood mononuclear cells (PBMC) were obtained using sterile 
conditions from 10% citrated (acid citrate dextrose; Sigma; S , Louis, MO) venous 
blood obtained from healthy volunteers under informed consent. The blood was 
diluted 1:1 in , 50 -mL conical polypropylene centrifuge tube with sterile 
Phosphate-buffered saline (PBS; GIBCO BRL; Gaithersburg, MD), underlaid with 
15 an equal volume of LSM (Lymphocyte Separation Media; Organon Teknika Corp.; 
Durham, NC), and the tubes centrifuged at 400 X g and 20°C for 40 min. The 
mononuclear cell band was removed to a fresh tube, the cells washed twice with 
PBS, and the cells resuspended at a concentration of 2 x lOVmL in Complete RPMI 
Media (RPMI 1640 supplemented with 25 mM HEPES, 5% heat-inactivated [56°C, 
20 30 min] pooled human AB serum, 1% NUTRIDOMA HU fBoehringer Mannheim], 
100 „M MEM non-essential amino acids, 2 mM L-glutamine, 100 U/mL penicillin, 
100 M g/mL streptomycin, 1 mM sodium pyruvate). 



-59- 



WO 99/50303 



PCT/US99/07236 



a : -Macroglobulin (2.5 mL; 9.6 pM) was added to 408 yL of 1.5 M NK^HCO^, pH 
8.0, and incubated for 60 min at room temperature. The a>-macroglobulin was then 
run over a PD-10 column (Pierce; Rockford, IL) equilibrated with PBS (10 mM 
Na 2 HP0 4 . 50 mM NaCl, pH 7.4) in order to effect a buffer exchange. The o,- 
5 macroglobulin, now in its so-called "fast form/ 1 is hereinafter designated a,- 

macroglobulin* and had an A 280 = 2.227 in a 1 cm cuvette. SK, previously purified 
from KABIKINASE, had an A 280 = 2.088, corresponding to a concentration of 46.4 
yM. To prepare the a 2 -macroglobulin*/SK complexes, 6,0 mL of SK (ca. 280 
nmol) was mixed with 2.0 mL of a,M* (ca.. 7 nmol), sterile-filtered through a 

10 0.45/x low-protein binding filter, and incubated for 24 hr at 37C. The mixture was 
then loaded onto a SEPHACRYL S-300-HR column (1.5 x 96 cm: 170 mL bed 
volume; Pharmacia) equilibrated with PBS in order to separate complexes from free 
SK. The column was run at a flow of 40 mL/hr and fractions collected every 6 
minutes. Fractions were analyzed by SDS-PAGE using 5-15% gradient gels under 

15 reducing conditions. The fractions (#21-23) representing the majority of the peak 
(determined by A 280 readings of each fraction) corresponding to the aM*/SK 
complexes were pooled yielding 12 mL of material with an A, ZQ = 0.219. This 
pooled a 2 M*/SK complex material was tested for endotoxin and found to contain < 
0.1 ng/mL at a concentration containing 1.0 jig/mL of SK. 

20 

In-vitro stimulation of PBMC was performed as follows: Cells from three healthy 
individuals (SW, HG, KW) were obtained as described above. One-hundred yL of 
cells (2 x lOVmL in Complete RPMI) was added to each well of a 96- well 
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were not used for the assav but filled with ?nn t •, ™ 

. uui miea witn 2U0 fiL of sterile PBS. To each of 

ouad rap „ca,e „e„s was 2dded wo ^ of SK (Q 02 2o ^ ^ 

^»«««.2,^,^ fonr-f„ Md „ u , tas , ^ 
5 «* inched «iM* a ,„„ e «,„,,„ ^ ^ four . fo]d diWoM) ^ ms 

and 6 days respective* a, 37-C in humidifw , „ C02 . ^ ^ ^ fi ^ ^ 

Nation, an additiona, SO A of ned i a containing 0 , „ C i of .H-tnynndine (6 , 
in steri,e H,0; New ^ Und Nuc]ear) w added b ^ ^ 

Ska,™ automated cei, harvester. fc f , ttrs put inI0 ^ ^ 
-aining ( 3 tnL of secant, and fc jncoiporated (MprKMd b 

conn, per mi » [cpm]) deKn]] , ne(1 by ^ 

Averages „f , uadnlpljcaK ^ ^ ^ ^ ^ ^ 

15 conception of SK or «2-rnacrogtobulinVSK. 

Tnere was no significant inCMpMatio „ of by ^ ^ ^ ^ 

« shown,. SM ar resu,ts were obtained in another experimen, using „ e ^ 
20 .hree donors. As ilIustrated „ ^ ^ ^ ^ ^ ^ ^ 

days ,o SK atone w it h ceUs obtain* from sw . H0 , aKi Kw was ^ ^ ^ 

and essentia,,,, „a, suggesting tha, ^ was ^ ^ ^ ^ 
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However, for each of the three cell donors, the maximal proliferative response at 
day 5 to 6 was 2-3 fold, higher than that obtained with SK alone (Figures 8-10). In 
addition, for each of the three donors the maximal response observed with SK alone 
could be obtained with concentrations of a 2 -macroglobulin*/SK complexes 
5 containing less than l/300th the amdunt of SK. The day 6 results showed a similar 
pattern as for day 5 (Figures 11-13); although the peak response obtained for the 
complexes was still significantly higher than that observed for SK alone, the 
increase was not as pronounced as that observed on day 5. However, the 
concentration required to achieve peak proliferative responses was still dramatically 

10 lower (35-fold for SW; 200-fold for HG) with c^-macroglobulin-SK complexes, and 
the cells from the essentially anergic donor (KW) again showed a distinct dose 
response to complexes where none was observed to SK alone. Thus the 
incorporation of SK into a2-macroglobulin* appears to significantly and 
dramatically increase the immunological response of cells already sensitized and to 

15 promote responses from cells either poorly sensitized or anergic. 



The non-proteolytic, covalent incorporation of protein into a 2 -macroglobulin* 
(a 2 M*) is not limited to full-length, intact proteins. A hybrid synthetic peptide [Tl- 
20 SP10MN(A); sequence = 

KQIINMWQEVGKAMYACTRPNYNKRKRIHIGPGRAFYTTK; ref. 52] encoding 
a HIV (human immunodeficiency virus) gpl20 T-cell epitope (Tl) (76) N-terminal 
to hydrophilic gpl20 B-cell epitopes from the V3 loop region (SP10 sequences) (77- 



EXAMPLE 10 
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W> was synthesized by solid-phase s y „,hes,s and purified by ^ 
syndic pep,,* « radiolabekd wjth ^. Bolton . Humer ^ ^ ^ 

Nuclear) per manufacture* ins,™,™ ,o a specific ac,i,i,y „f approx. ,32 OCX) 
cp^g of pe plMe . Hnman a, M . was prepared as described above. To 470 „, of 
5 Ml' (.072 P mo,> was added ,000 „ of »,-Bo,,o„-Hunter ,abe,ed T,- S P,0MN<A> 
(«.30 pmol; 26 x 1C ,cp ra , one-bundred and «, „ of the „, to e was reeved 
a P ara,,e, experiment ,o genera* samples for analysis. The major ponion of the 

mixture was incubated for 5hat sn°r i .u 

5 h at 50 C. In the parallel experiment, the 150 „l of the 

mixture removed above, as well as 150 ,1 of %M * in the absence of Tl- 

10 SP10MN(A), were incubated at 50°C and th. « , 

5U C and the samples were analyzed at 0, 5, and 24 

h. After the mixture had been incubated 5 h at 50°r ' 

u<uca j n at 50 C , free peptide was separated 

from pep,ide compiexed wim a,M- by apphcat.on of the mixture , 0 . SEPHACRYL 
«00 HR (Sigma. s , Uuis , M0) COIum (22 3 m| ^ votae) ^ 

» -M Tris-HCI, 50 mM NaC. p„ 7. 5 . The columl „ a , a ^ ^ ^ $ ^ 
.5 M and ,8 m, f ractions were ^ ^ ^ ^ 

was defined for each fracion. The amoun, of-,. T,-SP,0MN(A, bound ,o 
a,M. in ^ ,U^. Tl-SPJOMNW) complex was de,ermi„ed from the 
radioactivity incorporated and the specific radioac,iv lty of the T.-SPiOMNCA, 

- ^ convex formation. Co, Urm fractions were analyzed by e,ec,ro P h„resis o„ 
20 «-I J« pore lira i t sels ^ 0 „ 4 . 20% SDS pA(JE ^ ^ ^ ^ ^ ^ 

cueing a S e„, ditniodueito, (DTT). The ,eve, of covaien, binding was ,uanti f ,ed 
by denaturing d,e a^-containing fractions in SDS-PAGE samp,e buffer fo, , rain 
at ,00-c Mowed by electrophoresis. On SD S .PAGE. ap P ro Xtaately 6 . 4 moles of 
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l25 I- Tl-SPIOMN(A) bound per mole of a^M* in the absence of DTT while 
approximately 1.4 moles of l25 I- Tl-SPIOMN(A) bound in the presence of DTT. 

Thus, the complex had 5 mol of peptide bound covalently to each mol of <%M*. 

5 Under reducing conditions, approximately 1 mol of peptide remained bound per mol 
of ct^M*. The stoichiometry for a peptide incorporation is slightly enhanced over 
the proteins mentioned above, insulin and lysozyme, probably due to the 
dimerization of the peptide. The peptide has only one cysteinyl. residue and analysis 
by non-reduced SDS-PAGE confirmed that a fraction of the peptide is present in the 

10 form of a disulfide-linked dimer. 

EXAMPLE 11 

The non-proteolytic, covalent incorporation of a synthetic peptide into 
15 macroglobulin* (a 2 M*) was confirmed with a second HIV-encoded peptide. A 
hybrid synthetic peptide [Tl-SPIOIIEB(A); sequence = 

KQnNMWQEVGKAMYACTRPNNNTRKSIRIQRGPGRAFVTI: ref. 52; SEQ ID 
NO:2] encoding a HIV (human immunodeficiency virus) gpl20 T-cell epitope (Tl) 
(ref. 76) N-terminal to hydrophilic gpl20 B-cell epitopes from the V3 loop region 
20 (SP10 sequences) (ref. 77-79) was synthesized by solid-phase synthesis and purified 
by RP-HPLC. The synthetic peptide was radiolabeled with 125 I-Bolton-Hunter 
reagent (New England Nuclear) per manufacturer's instructions to a specific activity 
of approx. 2 x 10 7 cpm/mg of peptide and diluted with unlabeled peptide prior to 

-64- 



WO 99/50303 

PCT/US99/07236 

incorporation into a ; M*. Human a : M* was prepared as described above. To 470 „ 
of a 2 M* (69 pmo,) was added im ^ Q{ ^ ^ 

(2778 pmoi: appr( ,,3.4 X 10> cpm). One-hundred and fifty „ of the mixture was 
removed for a paral.e. experiment to generate samp.es for analysis. The major 
5 PortionofthemixturewasincubatedforShatSO-C. After the mixture had been 
incubated 5 h at 50°C , free peptide was separated from peptide complexed with 
*M* by application of the mixture to a Sephacry, S300 HR (Sigma. St. Louis, MO) 
column (22.5 ml bed vo.ume) equilibrated with 50 mM Tris-HCl, 50 mM NaCl, pH 
7.5. The column was run at a flow rate of 5.4 ml/h and 1.8 ml fractions were 
10 collected. The absorbance^ and the radioactivity was determined for each 

fraction. The amount of -I- Tl- SP10iriB(A) bound to a.M* in the a 2 M*--l- Tl- 
SP10IIIB ( A) comp.ex was determined from the radioactivity incorporated and the 
specific radioactivity of the I3S I- Tl- SPIOIIIB(A) used for complex formation. 
Column fractions were analyzed by electrophoresis on 4-,5% pore limit gels and on 

(DTT). The level of covalent binding was quantified by denaturing the *M*- 
containing fractions in SDS-PAGE sample buffer for 5 min at 100°C followed by 
electrophoresis. On SDS-PAGE, approximately 6.5 moles of-I- Tl- SP10IIIB(A)) 

bound per mole of a,M* in the absence of DTT ;u . 

ausence or DI I while approximately 1 . 1 moles of 

20 Tl- SPlOniB(A) bound in the presence of DTT. 



EXAMPLE 12 
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In addition to the above-cited examples, additional proteins or synthetic peptides 
which are non-proteolytically and covalently incorporated into a^-macroglobulin* to 
form an immunogen of the present invention following procedures similar to those 
above include HBsAg, the protein representing one of the major surface antigens of 
5 human Hepatitis B Virus; peptide OS (amino acids 124-147 of HBsAg; sequence = 
CTTPAQGNSMFPSCCCTKPTDGNC; SEQ ID NO:3) (80); and a chimeric peptide 
(sequence = TRILTIPQSLDSCTKPTDGNC; SEQ ID NO:4) (81) representing a T- 
cell epitope (amino acids 23-34) of HBsAg joined to the NH,-terminus of a B-cell 
epitope (amino acids 139-147) of HBsAg. 

10 

In the example of HBsAg, the recombinant protein produced in yeast (Advanced 

Biotechnologies Inc., Columbia, MD) was analyzed using PAGE (polyacrylamide 

gel electrophoresis) and SDS-PAGE, under reducing and non-reducing conditions. 

It was determined that the protein was aggregated and that the aggregation was 

15 disulfide bond dependent. In order to reduce the protein to its monomeric state (ca. 

25 kDa) the protein was reduced and alkylated as follows. HBsAg was first desalted 

using a PD-10 or similar (Pharmacia Biotech) column equilibrated in 50 mM Tris- 

HC1, 100 mM NaCl, pH 8. The following step was then performed in the dark by 

* 

wrapping the tube in aluminum foil. The protein was reduced by adding ImM DTT 
20 for 30 min at 37°C. The reduced protein was then alkylated by adding 5 mM 

iodoacetamide followed by a 30 min incubation at 37 °C. Following completion of 
the reaction the reduced/alkylated HBsAg was desalted using a PD-10 or similar 
column equilibrated in 50 mM Tris-HCl, 100 mM NaCl. pH 7.4. HBsAg was 
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by incubation of the red„ced/ aMated msAg with ^ %M . prepan[ . k wj 
-a, ratio of HBsAg to %M , fo r 5 h at 50 . c . The incubation mixmres ^ 

then separated on PAGE and Sni pare ■ 

SDS-PAGE gels, under reducing and non-reducing 

membranes were then biocted for non-specific binding ^ tobaM ^ , ^ 
analysis verified that a p„ nion of te HBsAg was aviated „ ith ajvf. 



ways without 



10 This i„ vention ^ „ ^ other foras Qr cOTied ^ ^ 

parting from , he ^ or Ksentia , ^ ^ ^ ^ 

- before to be considered as in .„ respects iiiustrative and no, restrictive, the 
-ope of the i„ven,io n beuIg ind|caKd fcy ^ ^ ^ ^ ^ ^ 

which come wimi„ „. m ea n,„ g and range of equivatocy ^ ^ ^ 

15 embraced therein. 



The Mowing is . lisling of „. publications referred M ^ 

Nation. „i, h ambers corresponding ,o those preyed herein above. Each of 
the fotiowing references, as wei, M d* refcrenKS ' cil£d ^ 
20 specification, is hereby incorporated herein in its entirery. 
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WHAT tSPl^ffp fo. 



1- A stable complex comprising at least one intact biomolecule and activated »- 
macroglobulin having an intact bait region, wherein each of said intact 
biomolecule is covalently bound to an amino acid residue of a cleaved thiol 
ester of said 0,-macroglobulin, said amino acid residue selected from the 

group consisting of a glutamyl residue, a cysteinyl residue, and the 

combination thereof. 

2- The stable complex of claim 1 wherein said biomolecule is selected from the 
group consisting of peptides, proteins, carbohydrates, cytokines, growth 
factors, hormones, enzymes, toxins, anti-sense RNA, drugs, 
oligonucleotides, lipids, DNA, antigens, immunogens, allergens, and 
combinations thereof. 

3- The stable complex of claim 2 wherein said biomolecule is selected from the 
group consisting of 

KQn^WQEVGKAMYACTRPNYNKRKRIHIGPGRAFYTTK (SEQ ID 
NO.l); KQIINMWQEVGKAMYACTRPNNNTRKSIRIQRGPGRAFVTI 
(SEQ ID NO:2); CTTPAQGNSMFPSCCCTKPTDGNC (SEQ ID NO:3); 
and TRILTIPQSLDSCTKPTDGNC (SEQ ID NO:4). 

4- The stable complex of claim 1 wherein said biomolecule has a molecular 
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weight of from about 0.5 kilodaltons.to about 100 kiiodakons. 

An immunogen comprising an antigenic molecule having at least one epitope 
in a complex with c^-macroglobulin, said immunogen comprising the stable 
complex of claim 1. 

The stable complex of claim 1 prepared by the sequential steps of activating 
a 2 -macroglobulin by incubation with a nucleophilic compound to form 
nucleophile-activated o^-macroglobulin, removing excess said nucleophilic 
compounds, and incubating said nucleophile-activated c^-macroglobulin with 
said biomolecule, whereby said stable complex is formed. 

A method for the preparation of a covalent complex between at least one 
intact biomolecule and o^-macroglobulin having an intact bait region 
comprising the steps of 

i) activating said cc 2 -macroglobulin by incubation with a 
nucleophilic compound to form nucleophile-activated c^- 
macroglobulin; 

ii) removing excess said nucleophilic compound; and 

iii) incubating said nucleophile-activated c^-macroglobulin with 
said biomolecule for a period of time sufficient to form said 
complex. 
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8. 



The method of claim 7 wherein said nucleophilic compound has the formula 
RNH 2 , wherein R is selected from the group consisting of hydrogen and an 
alkyl group of 1 to 6 carbon atoms. 



9. The method of claim 8 wherein said nucleophilic compound is selected from 
the group consisting of ammonia, methylamine, ethylamine. and 

combinations thereof. 

10. The method of claim 7 wherein said incubating of said nucleophile-activated 
armacroglobulin with said biomolecule is carried out at a temperature 
ranging from about 35 °C to about 55 °C. 

11. The method of claim 7 wherein said incubation step is carried out at a 
temperature ranging from about 37°C to about 50°C. and a period of time 
ranging from about 1 hour to about 24 hours. 

12. The method of claim 11 wherein the temperature and time ranges of said 
incubation are selected from a temperature of about 37°C for about 24 hours, 
and a temperature of about 50°C from about 1 to about 5 hours. 

13- The method of claim 7 wherein said biomolecule is selected from the group 
consisting of peptides, proteins, carbohydrates, cytokines, growth factors, 
hormones, enzymes, toxins, anti-sense RNA, drugs, oligonucleotides, lipids, 
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DNA, antigens, immunogens, allergens, and combinations thereof. 

The method of claim 13 wherein said biomolecule is selected from the group 
consisting of 

KQIINMWQEVGKAMYACTRPNYNKRKRIHIGPGRAFYTTK (SEQ ID 
NO: 1); KQIINMWQEVGKAMYACTRPNNNTRKSIRIQRGPGRAFVTI 
(SEQ ID NO:2); CTTPAQGNSMFPSCCCTKPTDGNC (SEQ ID NO:3); 
and TRILTIPQSLDSCTKPTDGNC (SEQ ID NO:4). 

The method of claim 7 wherein said method is carried out in the absence of a 
proteolytic enzyme. 

The method of claim 6 wherein the molecular weight of said biomolecule is 
from about 0.5 kilodaltons to about 100 kilodaltons. 

An immunogen comprising a biomolecule in a complex with a,- 
macroglobulin having an intact bait region, said biomolecule having at least 
one epitope, wherein said ctj-macroglobulin is capable of binding a receptor 
for oc 2 -macroglobulin, said complex comprising at least one intact 
biomolecule and activated exj-macroglobulin with an intact bait region, 
wherein each of said intact biomolecule is covalently bound to an amino acid 
residue of a cleaved thiol ester of said a,-macroglobulin, said amino acid 
residue selected from the group consisting of a glutamyl residue, a cysteinyl 
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residue, and the combination thereof. 

18. A method of rendering an epitope on an antigen recognizable by the immune 
system, wherein said epitope does not substantially induce an immune 
response under normal conditions, comprising: 

i) reacting said antigen molecule with 0,-macroglobulin to form 
a complex in accordance with the method of Claim 7; and 

ii) exposing an antigen presenting cell having major 
histocompatibility complex to said complex; and 

Hi) contacting said antigen presenting cell with lymphocytes. 

19. An antigen presentation complex comprising: 

i) an antigen presenting cell having major histocompatibility 
complex on the cell surface, and 

ii) an antigen comprising an epitope presented in the context of 
major histocompatibility complex on the antigen presenting 
cell, said antigen reacted to form the stable complex of claim 
1 with 0,-macroglobulin, said 0,-macroglobuIin capable of 
binding a receptor for a,-macroglobulin. 

20. A vaccine comprising the antigen-^-macroglobulin complex of claim l, said 
0,-macroglobulin capable of binding a receptor for 0,-macroglobulin. 
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21. A method of producing T-lymphocytes which recognize an antigen, 
comprising administering to a mammal a T-Iymphocyte priming effective 
amount of a stable complex comprising an antigen and 0,-macroglobuIin 
according to claim 1, said c^-macroglobulin capable of binding a receptor for 
c^-macroglobulin; and harvesting said T-lymphocytes from said mammal. 

22. A method of treating or preventing an infectious disease, an autoimmune 
disease or cancer in a mammalian patient in need of such treatment or 
prevention, comprising administering to said patient an effective amount of 
an immunogen comprised of a stable complex comprising an antigen and c^- 
macroglobulin in accordance with claim 1, said c^-macroglobulin capable of 
binding a receptor for o^-macroglobulin, in an amount effective for 
modifying the immune response to said antigen; said immunogen being 
administered in an amount effective for treating or preventing said infectious 
disease, autoimmune disease or cancer. 

23. The method of claim 22 wherein said infectious disease is HIV or hepatitis. 

24. The method of claim 22 wherein said antigen is selected from the group 
consisting of HIV antigens, hepatitis virus antigens, peptides thereof, 
fragments thereof, hybrid peptides thereof, chimeric peptides thereof, and 
hybrid synthetic peptides thereof. 
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20. 



The method of claim 24 wherein said antigen is selected from the group 
consisting of 

KQIINMWQEVGKAMYACTRPNYNKRKRIHIGPGRAFYTTK (SEQ ID 
NO. l); KQnNMWQEVGKAMYACTRPNNNTRKSIRIQRGPGRAFVTI 
(SEQ ID NO:2); CTTPAQGNSMFPSCCCTKPTDGNC (SEQ ID NO:3); 
and TRILTIPQSLDSCTKPTDGNC (SEQ ID NO:4). 
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A method for increasing the extent of covalent binding of a biomolecule 
« 2 -macroglobulin to form a biomolecule-a2-macroglobulin complex prepared 
in accordance with claim 7, wherein prior to reaction of said biomolecule 
with said nucleophile-activated a2-macroglobulin, said biomolecule is treated 
with a mild oxidizing agent. 



1 27. The method of claim 21 wherein said oxidizing agent is N- 

2 chlorobenzenesulfonamide. 



1 28. 

2 

3 
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7 



A method for activating the immune system of an animal to recognize a 
biomolecule comprising the steps of: 

« 

i) obtaining a sample of whole blood from said animal; 

ii) isolating dendritic cells from said sample; 

iii) exposing said isolated dendritic cells in vitro to the stable 
complex of said biomolecule and Oj-macroglobulin of claim 
1; and 
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8 iv) reintroducing said dendritic cells into the body of said animal. 

1 29. A stable complex comprising at least one biomolecule and activated a>- 

2 macroglobulin having a bait region, said complex produced by a process 

3 comprising the steps of: 

4 i) activating said c^-macroglobulin to form nucleophile-activated 

5 , a 2 -macroglobulin by incubation of said ocj-macroglobulin with 

6 a nucleophilic compound in the absence -of a proteinase 

7 capable of cleaving the bait region; 

8 ii) removing excess said nucleophilic compound; and 

9 iii) incubating said nucleophile-activated o^-macroglobulin with 

10 said biomolecule for a period of time sufficient to form said 

11 complex. 



1 30. The stable complex of claim 29 wherein said biomolecule is selected from 

2 the group consisting of peptides, proteins, carbohydrates, cytokines, growth 

3 factors, hormones, enzymes, toxins, anti-sense RNA, drugs, 

4 oligonucleotides, lipids, DNA, antigens, immunogens, allergens, and 

5 combinations thereof. 



1 31. The stable complex of claim 30 wherein said biomolecule is selected from 

2 the group consisting of 

3 KQIINMWQEVGKAMYACTRPNYN (SEQ ID 
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NO: 1); KQIINMWQEVGKAMYACTRPNNNTRKSIRIQRGPGRAFVTI 
(SEQ ID NO:2); CTTPAQGNSMFPSCCCTKPTDGNC (SEQ ID NO:3); 
and TRILTIPQSLDSCTKPTDGNC (SEQ ID NO:4). 

32. The stable complex of claim 29 wherein said biomolecule has a molecular 
weight of from about 0.5 kilodaltons to about 100 kilodaltons. 



33. The method of claim 29 wherein said nucleophilic compound has the formula 

the group consi 

alkyl group of 1 to 6 carbon atoms. 



RNH 2 , wherein R is selected from the group consisting of hydrogen and an 



34. The method of claim 33 wherein said nucleophilic compound is selected from 
the group consisting of ammonia, methylamine, ethylamine, and 

combinations thereof. 

35. The method of claim 29 wherein said incubating of said nucleophile-activated 
aa-macroglobulin with said biomolecule is carried out at a temperature 
ranging from about 35°C to about 55°C. 

36. The method of claim 35 wherein said incubation step is carried out at a 
temperature ranging from about 37°C to about 50°C, and a period of time 
ranging from about 1 hour to about 24 hours. 
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37. The method of claim 36 wherein the temperature and time ranges of said 
incubation are selected from a temperature of about 37°C for about 24 hours, 
and a temperature of about 50°C from about 1 to about 5 hours. 

38. The stable complex of claim 29 wherein said stable complex is an 
immunogen, an antigen presentation complex, or a vaccine. 
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SEQUENCE LISTING 



<110> Pizzo, Salvatore 
Gron, Hanne 

<120> IMMUNE RESPONSE MODULATOR ALPHA -2 MACROGLOBULIN COMPLEX 

<130> 2295-l-001cip 

<140> 
<141> 

<150> 09/053,301 
<151> 1998-04-01 

<1G0> 4 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 40 
<212> PRT 
<213> HIV 

<400> 1 

Thr Arg He Leu Thr He Pro Gin Ser Leu Asp Ser Cys Thr Lys Pro 
15 10 15 

Thr Asp Gly Asn Cys 



<210> 2 
<211> 41 
<212> PRT 
<213> HIV 

<400> 2 

Thr Arg He Leu Thr He Pro Gin Ser Leu Asp Ser Cys Thr Lys Pro 
15 10 15 

Thr Asp Gly Asn Cys 



20 



20 



<210> 3 
<211> 24 
<212> PRT 
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<213> HBSAG 
<400> 3 

Thr Arg He Leu Thr lie Pro Gin 
1 5 

Thr Asp Gly Asn Cys 
20 



Ser Leu Asp Ser Cys Thr Lys Pro 
10 15 



<210> 4 
<211> 21 
<212> PRT 
<213> HBSAG 

<400> 4 

Thr Arg lie Leu Thr lie Pro Gin Ser Leu Asp Ser Cys Thr Lys Pro 
1 5 10 15 

Thr Asp Gly Asn Cys 
20 
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